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1.0 INTRODUCTION 
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The Illinois Environmental Protection Agency (IEPA) contracted with Ebasco Services 
Incorporated (EBASCO) to perform a Feasibility Study on the Sandoval Zinc Site located 
in Sandoval, Illinois, under the terms of State Multi-Site Professional Services Agreement 
Contract No. BIE-9023. The defined scope of work for this project included the following 
seven tasks: 

Task 1 - Information Review 
Task 2 - Information Summary 
Task 3 - Data Needs and Assessment 
Task 4 - Strategy Meeting 
Task 5 - Feasibility Study 
Task 6- Topographic Map of Site 
Task 7 - Project Task Control 

After completing Task 4, EBASCO determined that there was insufficient information 
available to complete the feasibility study ("Information Summary and Data Assessment" 
Report; April14, 1989) and recommended a supplemental field investigation. A ·Work Plan 
and Field Sampling Plan (dated June, 1989) were subsequently prepared for the 
supplemental field investigation. 

This document is the feasibility study report based on all previously collected data and 
documents as well as the supplemental field investigation conducted by EBASCO. Sections 
1 through 5 include a description of the investigation objectives, site background 
information, the study area, its physical characteristics (geology and hydrogeology), the 
nature and extent of impacted media, and conclusions drawn from the field investigation. 
These first five sections of the report cover the basic elements of a Remedial Investigation 
(RI) report. Sections 6 through 8 identify Applicable or Relevant and Appropriate 
Requirements (ARARs), screen relevant remedial technologies, develop appropriate 
remedial alternatives and compare the remedial alternatives. These last three sections of 
the report cover the basic elements of a Feasibility Study (FS). Section 9 lists the references 
used in preparing this report. 

1.1 Field lnvesti&ation Objectives 

The primary goals of the supplemental field investigation conducted by EBASCO in May 
and June, 1990, with a second phase sampling effort in April 1991, were as follows: 
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o Develop specific information about the nature, extent, and level of · 
contamination at the Sandoval Zinc site. 

o Determine the physical and chemical background characteristics of the soil 
and the chemical background characteristics of the groundwater. 

o Define the nature and extent of impacted soils, surface water, sediment, 
groundwater on-site. 

o Evaluate potential off-site contaminant pathways in soil, surface water, and 
groundwater that may affect public health and the environment. 

o Identify and evaluate potential alternatives for remediation. 

1.2 Site Bacground 

The Sandoval Zinc site (IEPA Site Inventory Number 1210500002) is an abandoned zinc 
smelter facility located southeast of the town of Sandoval in Marion County, Illinois (Figure 
1-1). The site covers approximately 12 acres and is relatively flat, owing to the large 
quantity of artificial fill (metal-rich cinders from the smelting process) that was used to level 
the site's natural topography. 

1.2.1 Site Description 

The Sandoval Zinc site is comprised of two large abandoned buildings, an abandoned 
railroad tank car (also referred to as the above ground storage tank), old furnace building 
ruins, a "farm pond" to the east, and a marshy area to the west (Figure 1-2). The site is 
covered with grey cinder fill and little vegetation grows on the fill material. Surface water 
runs off into drainage ditches located east and west of the on-site buildings. Fill material 
also appears to be carried by surface water runoff past the property line and is accumulating 
in the field immediately south of the fence line. Since the site slopes several feet down 
towards the "farm pond", it likely also receives surface water runoff from the site. 

1.2.2 Site History 

The Sandoval Zinc smelter facility began operating as a primary zinc smelter some time 
between 1885 and 1890. Approximately twenty-five years later, in 1915, the operations were 
converted to secondary zinc smelting and the facility continued to operate in this manner 
until the facility was closed in the 1980s. On June 27, 1972, the plant was almost entirely 

1-2 



Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

destroyed by fire. The buildings were rebuilt and the plant continued to operate until1985. 
On December 19, 1986, the Sandoval Zinc Company was officially dissolved and the owners 
declared bankruptcy. 

For the first 85 years· of operation, the principal waste emissions from the plant were metal­
laden cinders and windblown ash. Large quantities of the cinders from the smelting process 
were used in constructing and surfacing secondary roads in the plant area and as fill 
material on the plant property. As a result, a layer of metal-rich cinders, ranging from 1 to 
10 feet in thickness, now covers approximately 12 acres of the plant site. 

The windblown ash from the smelter stack settled on the plant site and the surrounding 
farmland. Assuming the plant was fairly typical of secondary zinc smelters using retort 
processing, these air emissions were probably rich in heavy metals and ranged from 50 to 
100 tons per year from the retort alone. Additional wind-borne emissions could have been 
generated from plant waste-handling procedures such as open storage of cinders and ash, 
and bulk storage of products (principally zinc oxide) in bins within plant buildings. 

In compliance with air pollution control regulations, a scrubber was installed on the plant 
stack in 1970. Wastewater from the scrubber was dewatered in a seepage pit constructed 
on-site. This pit held the sludge from the process until it was removed for zinc reclamation. 
Another pit was used for the disposal of baghouse dust and floor sweepings. Based on the 
information available the exact locations of the pits are currently not known. 

1.2.3 Previous lnvestiiations 

The Illinois State Water Survey (ISWS) and the lllinois State Geological Survey (ISGS) 
carried out geologic and groundwater studies at the site from 1975 to 1982. The final study 
report, entitled Retention of Zinc. Cadmium. Cower. and Lead lzy Geolo~c Materials\ was 
published in 1982. Forty-nine monitoring wells were installed on-site at thirty-six different 
locations during the study and provided the primary source of information for the site. The 
study described the geologic materials underlying the site as follows: 

Peoria Loess 
Roxana Silt 
Berry Clay (Glasford Formation) 
Hagarstown Member (Glasford Formation) 
Glasford Till 
Lierle Clay (Banner Formation) 
Banner Till 
Bond Formation Shale 
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During the study, soil samples were collected from a variety of locations across the site and 
from control borings located approximately three miles south-southwest of the site. The 
samples were analyzed for cadmium, copper, lead, and zinc. Background concentrations for 
the four heavy metals tested were 20 to 50 mg/kg for zinc, 0.04 to 1.5 mg/kg for cadmium, 
10 to 30 mg/kg for copper, and 10 to 40 mg/kg for lead. Based on these background 
samples, there appeared to be no significant naturally occurring chemical variation with 
depth or between geologic unit boundaries. However, some zinc levels in isolated 
Pleistocene soils were higher than the established background levels. 

According to the ISWS /ISGS report, the zinc processing waste covering the site varies 
widely in metals content but is generally rich in zinc, lead, copper, and aluminum. Cadmium 
was also detected in the soil samples collected. One sample of waste material at the site 
was 76 times the EP Toxicity Standard for lead. This large volume of material represents 
both a potential environmental hazard as well as a source of reclaimed metals. Typical 
weight percentages of the metals are 23% zinc, 3.8% aluminum, 2.5% lead, and 0.5% 
copper. These heavy metals have penetrated site overburden to depths of up to 28 feet. 

Piezometric surfacewater maps constructed by the ISWS/ISGS suggest that the underlying 
till has an extremely low hydraulic conductivity. The Peoria Loess, Roxana Silt, and Berry 
Clay appear to allow the slow percolation and infiltration of contaminants downward; 
however, till units below the Sangamon Soil of the Berry Clay appear to be acting as an 
aquiclude to the further downward migration of contaminants. 

Laboratory analysis of groundwater samples from the monitoring wells sampled in 1975 and 
1976 indicated that zinc contaminants had migrated from the wastes, through the soils, and 
into the groundwater of the Hagarstown Unit. Groundwater maps with contoured zinc 
concentrations were constructed for the ISWS/ISGS report and are presented in Figure 1-3. 
The maps show the extent of zinc impacted groundwater in August 1975 and September 
1976 and indicate that the zinc plume is migrating from the source areas. 

During 1986 and 1987, several sampling activities were conducted by IEP A and the Bureau 
of Mines at the Sandoval Zinc site. Soil, sediment, surface water, and groundwater samples 
were collected and analyzed for organic and inorganic parameters. The results of these 
sampling efforts are summarized in Tables 1-1 through 1-10. In March 1987, water and 
sediment samples were collected from the drainage ditches at the eastern and western edges 
of the site. Zinc and cadmium concentrations in the surface water samples exceeded the 
ambient surface water quality limits set forth in Section 3()4.124 of Subtitle C. IEPA's Water 
Pollution Re~lations2• These limits are 1.0 mg/1 and 0.15 mg/1 for zinc and cadmium, 
respectively. High levels of these two heavy metals as well as other metals were detected 
in sediment samples collected downstream of the site. Zinc and cadmium concentrations 
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averaged greater than 17,000 mg/kg and 14 mg/kg, respectively in downstream sediments 
samples. The impacted waters and sediments in the drainage ditches could potentially reach 
Prairie Creek, approximately one-half mile from the site. However, the extent of migration 
of the waters and sediments is not fully known since sampling is relatively recent, and 
noncomprehensive in scope. 

The· ISWS/ISGS study identified that the primary mechanisms retaining the metals in the 
soils at the site were cation exchange and the precipitation of insoluble metal compounds 
due to changes in soil pH. Elevated levels of calcium and magnesium in groundwater 
samples during the IEPA studies of 1986 and 1987 suggested that cation exchange is 
continuing. 

EBASCO performed a preliminary site visit on March 9, 1989. The purpose of the visit was 
to gather information necessary for preparing a Work Plan. During this visit, EBASCO 
made a preliminary assessments of sampling sites by matrix and location, determined the 
appropriate levels of personal protective equipment required, identified existing monitoring 
well locations and made an overall assessment of site conditions. On site and adjacent areas 
were visually inspected for contamination, including signs of surface water contamination, 
vegetation stress, physical hazards, and other environmental hazards. A complete 
description of the site visit and a· photo log documenting those areas exhibiting sifns of 
contamination are given in the Information Summazy and Data Assessment Report . 
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PARAMETER X101 

Antimony 14 

Arsenic 7 

Beryllium 1 

Cadmium 27.2 

Chromium 39.1 

Copper 1,240 

Lead 7,560 

Mercury 0.36 

Nickel 570 

Selenium 6 

Silver 3.1 

Titanium 3 

Zinc 71 ,100 

Table 1-1 
Summary of Analytical Results From 

Previous IEPA Study- Soil (ug/g) 
Sandoval Zinc 

Sandoval, Illinois 

X102 X103 X201 X202 X203 

14 30 140 28 41 

13 10 4 17 26 

1 1 1 3 1 

26.6 14.2 35.1 21.9 19.6 

18.1 23.5 1,360 9.8 9.2 

418 880 34,200 320 1,780 

1,590 0 5,650 25,800 40,000 10,000 

0.04 9.43 0.11 0.28 0.25 

14.4 230 12,100 52 220 

6 2 20 12 4 

0.8 2.5 5.1 5.2 4.4 

3 2 2 6 2 

8,360 56,700 16% 40.3% 26,400 

Note: Samples collec1ed by IEPA on July 25, 1986. 

X204 X205 

14 32 

11 11 

1 1 

60.9 110 

22.9 22.2 

1,560 2,810 

69,600 22,400 

4.55 5.79 

610 800 

6 6 

1.9 3.2 

3 3 

32.8% 19.5% 



Table 1-2 
Summary of Analytical Results Collected By IEPA­

Surface Water Samples (mg/1) 
Sandoval Zinc 

Sandoval, Illinois 

PARAMETER S101 S102 S103 S104 S105 

Aluminium 0.33 0.51 0.54 0.84 1.9 

Antimony 0.006 0.004 0.003 BDL1 0.003 

Arsenic BDL BDL BDL BDL 0.022 

Cadmium 0.510 0.465 0.59 0.021 0.59 

Chromium O.Q18 O.Q18 O.Q18 0.022 0.022 

Copper 0.041 0.038 0.027 0.01 0.034 

Iron 0.75 0.83 0.59 1.2 1.4 

Lead 0.076 0.052 0.048 0.014 0.034 

Mercury BDL BDL BDL BDL BDL 

Nickel 0.15 0.11 0.09 BDL 0.07 

Silver 0.008 0.007 0.01 0.007 0.01 

Zinc 52 46 20 0.65 23 

1 - Below Detection Umit (BDL) 

Note: Samples collected by Dennis Newman on March 30, 1987. 

80106 

2.2 

BDL 

BDL 

0.13 

0.022 

0.01 

1.8 

0.006 

0.0002 

BDL 

0.008 

- 0.12 



PARAMETER 

Aluminium 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead . 

Mercury 

Nickel 

Silver 

Zinc 

Table 1-3 
Summary of Analytical Results Collected By IEPA -

Sediment Samples (mg/kg) 
Sandoval Zinc 

Sandoval, Illinois 

X101 X102 X103 X104 X105 

4,733 8,732 7,712 5,029 5,476 

1.6 0.26 BDL1 0.5 0.27 

26 24 18 15 BDL 

24 13 19 7.4 1.5 

34 41 22 25 11 

1,065 960 252 688 38 

20,710 17,990 7,854 8,621 5,476 

710 1,660 15 1,026 189 

2.5 0.43 0.08 0.18 0.05 

716 515 117 287 5.4 

2.2 2.5 1.4 1.6 1.0 

15,310 24,230 . 4,863 13,700 507 

1 - Below Detection Umit (BDL) 

Note: Samples collected by Dennis Newman on March 30, 1987. 

X106 X110 

7,020 2,344 

0.28 16 

12 12 

2.2 46 

18 20 

71 1,250 

9,200 5,370 

140 1,760 

0.04 2.7 

28 114 

1.1 8.0 

1,158 62,400 



PARAMETER 

Aluminium 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Nickel 

Silver 

Zinc 

Table 1-4 
Summary of Analytical Results Collected By IEPA -

Additional Soil Samples 
Sandoval Zinc 

Sandoval, Illinois 

SAMPLE X101 SAMPLE X102 SAMPLE 

E.P. E.P. 
Total Toxicity Total Toxicity Total 

(mgjkg) (mgjl) (mgjkg) (mgjl) (mgjkg) 

6,030 0.64 5,860 1.03 1,930 

BDL1 BDL BDL BDL 69.8 

28.1 BDL 38.5 BDL 25.2 

23.3 0.5 60.3 1.0 7.6 

16.6 BDL 32.2 BDL 8.79 

1,850 3.0 2,710 9.0 956 

12,900 0.99 14,600 BDL 5,280 

29,200 381 10,600 14.2 38,900 

8.8 BDL 1.3 BDL 1.2 

547 3.0 281 1.0 114 

3.82 BDL 7.92 BDL 4.36 

226,000 2,400 281,000 1,800 493,000 

1 - Below Detection Umit (BDL) 

Note: Soil samples collected on April 9, 1987. 

X103 

E.P. 
Toxicity 
(mg/1) 

0.68 

BDL 

BDL 

0.1 

BDL 

2.0 

BDL 

106 

BDL 

0.6 

BDL 

2,200 



Table 1-5 
Summary of E.P. Toxicity Results (mg/1) Collected By IEPA 

Sandoval Zinc 
Sandoval, Illinois 

PARAMETER X101 X201 X301 

Aluminium BDU BDL BDL 

Antimony BDL BDL BDL 

Arsenic BDL BDL BDL 

Cadmium 0.007 0.011 0.02 

Chromium 0.01 0.02 0.01 

Copper BDL BDL BDL 

Iron 1.1 0.13 0.1 

Lead 0.009 0.018 BDL 

Mercury BDL BDL BDL 

Nickel BDL BDL BDL 

Silver BDL BDL BDL 

Zinc 0.23 0.005 0.097 

1 • Below Detection Umit (BDL) 

Note: Samples collected by Kevin Rodgers on April 27, 1987. 



Table 1-6 
Summary of Analytical Results Collected By Bureau of Mines 

Sandoval Zinc 
Sandoval, Illinois 

Analyte 

Aluminum 

Carbon 

Iron 

Lead 

Silicon 

Zinc 

Concentration 
(Weieht Percent) 

14.9% 

9.0 

2.8 

2.5 

14.9 

23.0 

Note: Sample was a composite soil sample collected by R.L Johnson on February 20, 1987. 



I PARAMETER 

Diethyfphthalate 

Di-N-Butylphthalate 

Hexanedioic Acid, 
Dioctylester 

Carbon Disulfide 

Benzene 

Di-N-Octylphthalate 

2 (3H) Furanone, Dihydro 

Hexanoic Acid, 6-Amino 

Unknown 

Unknown 

Unknown 

Unknown 

Table 1-7 
Summary of Organic Analytical Results 

Collected I:Jy Environdyne - Groundwater (ug/1) 
Sandoval Zinc 

Sandoval, Illinois 

I G101 I G102 I 
2 7 

2 2 

62 98 

- 2 

- 3 

- 3 

- 9 

- 12 

- 4 

- -
- -
- -

Note: Groundwater samples collected May 14, 1987 

Source: Environdyne PA/SI 

G103 I 
-
2 

-

-
1 

-
-

-
-

10 

7 

· 44 



I PARAMETER 

Aluminium 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Nickel 

Silver 

Zinc 

Sulfate 

Sulfide 

Table 1-8 
Summary of Inorganic Analytical Results 

Collected by Environdyne - Groundwater (ug/1) 
Sandoval Zinc 

Sandoval, Illinois 

GlOl G102 

BDU BDL 

BDL BDL 

BDL BDL 

BDL BDL 

BDL BDL 

BDL BDL 

140 BDL 

2 BDL 

BDL BDL 

BDL BDL 

BDL BDL 

36 24 

276,000 89,600 

BDL BDL 

1 - Below Detection Umit (BDL) 

Note: Groundwater samples collected May 14, 1987 

Source: Environdyne PA/SI 

G103 

82 

BDL 

BDL 

BDL 

BDL 

BDL 

61 

BDL 

BDL 

BDL 

BDL 

110 

273,300 

1,600 



PARAMETER 

Acetone 

2-Butanone 

2 (3H) • Furanone, Dihydro 

Toluene 

Chloroform 

Naphthalene 

Dibenzofuran 

Phenanthrene 

Anthracene 

Fluroanthene 

Pyrene 

2-Methylnaphthalene 

Benzo (a) Anthracene 

Chrysene 

Benzo (b) Fluoranthene 

Unknown Organics 1 

Table 1-9 
Summary of Organic Analytical Results 
Collected by Environdyne- Soil (ug/kg) 

Sandoval Zinc 
Sandoval, Illinois 

SlOl S102 S201 

63 160 76 

. 21 7 

. 1,856 1,608 

. 15 . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. 40,000 45,000 

Note: Samples collected May 14, 1987 

Source: Environdyne PA/SI 

S202 

1,831 

. 

6 

190 

190 

1,00 

220 

1,100 

1,400 

900 

570 

1,300 

710 

24,000 



PARAMETER 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Nickel 

Silver 

Zinc 

Cyanide 

Sulfate 

Sulfide 

Table 1-10 
Summary of Inorganic Analytical Results 
Collected by Environdyne- Soil (ug/kg) 

Sandoval Zinc 
Sandoval, Illinois 

S101 S102 S201 

10,500,000 15,300,000 15,200,000 

43,600 BDL BDL 

27,500 14,300 5,670 

49,000 44,600 23,200 

18,600 14,400 16,600 

446,000 129,000 67,200 

32,100,000 15,300,000 18,500,000 

1,226,000 272,000 139,000 

BDL BDL BDL 

199,000 40,000 20,600 

BDL BDL BDL 

10,300,000 6,030,000 ·3,770,000 

350 BDL BDL 

7 2,600 7 

BDL 7,600 34,200 

Note: Samples collected May 14, 1987 

Source: Environdyne PA/SI 

S202 

10,300,000 

BDL 

4,900 

11,200 

41,400 

1,370,000 

41,600,000 

4,662,000 

670 

334,000 

1,500 

44,700,000 

BDL 

110,200 

BDL 



2.0 STUDY AREA INVESTIGATION 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

This section presents the scope of the supplemental field investigations and describes how 
each component of the investigation was conducted. 

2.1 Scope of Sugplemental Field Investiaation 

The supplemental field investigation effort at the Sandoval Zinc site focused on collecting 
the data needed to sufficiently characterize the site in order to evaluate and select remedial 
actions that would adequately protect human health and the environment. Prior to 
beginning the field activities, a Work Plan, including a site-specific Field Sampling Plan 
(FSP), and a Health and Safety Plan (HASP), were developed. A detailed Quality 
Assurance Project Plan ( QAPP) was not developed because all analytical work was 
performed by an IEPA approved laboratory (ARDL Laboratories) participating in the 
Contract Laboratory Program (CLP). Additional documents related to the supplemental 
field investigation and the surveying subcontract were also prepared. The work plan 
explains the purpose for each component of the investigation including number of samples, 
locations and analytes. 

The EBASCO field activities at the Sandoval Zinc site were conducted from May to June 
1990. The investigation included air monitoring, surface soil and sediment sampling, 
borehole drilling and monitoring well installation, permeability testing at selected monitoring 
wells, residential well and groundwater sampling, surface water sampling, sampling of waste 
product and ash from the interiors of the buildings, and sampling the contents of the 
abandoned above ground storage tank. 

2.2 Topowghic Survey 

A site survey encompassing approximately twelve acres was conducted in June 1989. The 
final survey map produced includes the natural features and permanent structures located 
on-site. Also included on the map are ground surface elevations, property boundaries, the 
locations of the wells and cores of the ISWS/ISGS investigation (where possible), and the 
location and extent of the "farm pond". The surveying activities were performed by Hanson 
Engineers, Incorporated, of Springfield, Illinois. Coordinates on-site were established from 
the Illinois State Plane Coordinate System, East Zone. Four points were set on or near the 
site as baseline points, two located on the B&O railroad tracks at the northern boundary 
of the site, and the remaining two points on-site. Elevations were established from a 
benchmark at the northwest corner of the site and are based on the National Geodetic 
Vertical Datum (NGVD) of 1929. Supplemental elevations were established as reference 
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points on the Sandoval Water Tank to the north of the site, the four control points, and the 
tops of monitoring well protective casings, where useable. 

Hanson Engineers submitted a report entitled Final Report of Survey Activities. Sandoval 
Zinc Site. Sandoval. Illinois4 to EBASCO in July 1989. A copy of the final topographic 
survey map is provided in Appendix A 

2.3 Above&round Tank Investiption 

The tank investigation was conducted to identify the contents of the abandoned railroad 
tank car. The tank car is located on the railroad spur at the south side of the westernmost 
building on-site (Figure 2-1). One composite sample and a duplicate sample were collected 
from the tank using the sampling procedures outlined in the FSP. EBASCO personnel 
performed the sampling using J;..evel C protective equipment. 

The tank contents were visually inspected for stratification prior to sampling. Clear tubing 
was lowered into the tank as far as possible and withdrawn. The liquid in the clear tubing 
was determined to be oil, and was not stratified. The depth of the oil in the tank was 
approximately three feet eleven inches. The samples collected were analyzed for the volatile 
organic compounds benzene, toluene, ethyl benzene, and total xylenes (BTEX), the Target 
Analyte Ust {TAL) inorganics, pesticides and PCBs, and for heating value. 

During the winter of 1991, a valve in the tank piping failed and released all of the residual 
liquid in the tank. As a result the IEPA conducted an emergency response action and 
removed approximately 500 cubic yards of petroleum impacted soil. The soil is presently 
stored inside one of the buildings on-site and the tank is now empty. 

2.4 Waste Product/Ash Investiption· 

The waste product/ ash investigation was designed to characterize the ash and waste product 
that is located in the buildings on-site. Some of the material was in labelled bags (zinc 
oxide, rock salt), but the majority of the waste product and ash in the buildings had been 
left in uncovered piles or was scattered across the floors. Composite samples were taken 
where distinct piles of waste product existed, otherwise samples were collected from 
scrapings off the floor. 

Six samples and one duplicate sample of the waste product and ash were collected from 
various locations inside the buildings (Figure 2-2). WP A01S and the duplicate WP A01D 
were collected from an unlabelled bag containing waste product. WP A02S was a composite 
sample from eight discrete locations within a pile of waste product. Waste product from 
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three sides of an abandoned blower inside the building formed the composite sample 
WP A03S, and WP A04S was collected from a patch of discolored soil in the doorway to the 
oil tank. Sample WP AOSS was a composite sample collected from various locations around 
the structures in the center of the building. The final composite sample of waste 
product/ash {WPA06S) was collected from a location near the door to the building. All 
samples were analyzed for full TAL inorganics and EP Toxicity. 

2.5 Surface Soil and Sediment Investiption 

The soil investigation was designed to establish the extent of shallow (less than 1 foot) 
surface contamination at the Sandoval Zinc site. Surface soil samples were collected from 
the locations shown in Figure 2-3 and were analyzed for full TAL inorganics. Selected 
samples were also analyzed for pesticides/PCBs. All surface soil and sediment samples 
were collected using a garden trowel and were typically collected from the top six inches of 
the surface soils. 

Twenty-three surface soil samples and three duplicate samples were collected to give the 
most coverage to the surface soil characterization. Some of the samples were taken off-site, 
from the northern side of the railroad tracks, and outside the southwestern site boundary, 
and the remaining samples were collected from locations at random across the site and 
adjacent to the sit~ buildings. 

Four sediment samples and one duplicate sample were collected from the perimeter of the 
farm pond to characterize the surface sediments in this area. SSOlS was collected in the 
drainage ditch at the eastern portion of the site that drains into the farm pond (Figure 2-3). 
SS02S was a composite sediment sample collected from the western half of the farm pond, 
and SS03S was a composite sample from four locations on the eastern part of the pond. 
The last sediment sample, SS04S, was collected from the floodplain area southeast of the 
farm pond. All sediment samples were analyzed for TAL inorganics and pesticides/ PCBs. 

2.6 Surface Water Investiption 

The surface water investigation was conducted to characterize the waters of the "farm pond" 
and in the drainage ditch on the eastern side of the site. The four surface water samples 
and a duplicate sample were collected from the locations shown in Figure 2-4. Samples 
were transferred directly to the sample bottles and tlien labelled for the appropriate 
analyses. 

Surface water sample SWOlS and the duplicate SWOlD were collected from the water in 
the eastern drainage ditch. Surface water sample SW02S was collected from the western 
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half of the farm pond, and SW03S from the eastern half o( the pond. Sample SW04S was 
collected from standing water in a depression east of the farm pond. The samples were all 
analyzed for full TAL in organics and the volatile organic compounds benzene, toluene, ethyl 
benzene, and xylene (BTEX). 

2. 7 Groundwater Investieation 

The groundwater investigation was designed to determine the nature and extent of impacted 
on-site shallow groundwater and possible off-site impacted groundwater. The groundwater 
investigation consisted of installing two new monitoring wells, locating and assessing the 
conditions of existing monitoring wells, field permeability testing on selected monitoring 
wells, and groundwater sampling of five on-site wells and one off-site residential well. 

Previous investigations at the Sandoval Zinc site had included the installation of numerous 
monitoring wells. The Illinois State Water Survey (ISWS) and the Illinois State Geological 
Survey (ISGS) installed 49 monitoring wells at 36 locations during their study; the Illinois 
EPA installed three monitoring wells (G101, G102, G103) at the site in 1987. EBASCO 
performed a site visit in June 1989 and attempted to determine the locations and conditions 
of these existing monitoring wells. Of the 49 wells installed for the ISWS/ISGS study, only 
21 were located. Of these 21, only 13 were usable, and only for obtaining water level 
measurements. The three monitoring wells installed by IEP A were in good condition and 
were usable for water level measurements, groundwater sampling, and permeability testing. 

The two shallow monitoring wells (MW01 and MW02) were installed during EBASCO's 
field activities of May and June, 1990. The locations of the two new monitoring wells and 
the three IEPA monitoring wells are shown in Figure 2-5. The newly installed monitoring 
wells were completed to depths of approximately 20 feet below ground surface, at the 
bottom of the Hagarstown aquifer unit. The three IEPA wells were all completed at a 
depth of approximately 17 feet below ground surface. Information on these five monitoring 
wells, including installation dates, total depths, screened intervals, and completion zones is 
given in Table 2-1. 

The two monitoring wells were installed using 3 and 3/4-inch inside diameter (I.D.) hollow 
stem augers with 3-inch I.D. continuous split-spoon samplers. The wells were constructed 
with 2-inch I.D. stainless steel well casings and risers. The 5-foot long stainless steel well 
screens had slot sizes of 0.010 inches. A minimum of one foot of sand was put in each 
borehole before the well casing and screen were lowered down. The sand pack extended 
approximately two feet above the top of the screen, and a two-foot seal of 1/2-inch diameter 
bentonite pellets was installed above the sand pack. Cement-bentonite grout was then 
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added to the surface, and the protective casing installed. Figure 2-6 presents a typical 
monitoring well construction diagram. 

The monitoring wells were developed by bailing after a 24 hour stabilization period. 
Development continued until the parameters (temperature, pH, and conductivity) had 
stabilized and/or a sufficient well volume was purged so that the water was clear. The 
water purged from the wells was routed to the nearest surface drainage ditch for disposal. 

Slug tests consisting of falling and rising heads were conducted on the IEP A monitoring 
wells (G101, G102, and G103) in May 1990 and on the two newly installed monitoring wells 
in June 1990. The slug tests were performed by first measuring the static water level with 
an electronic tape. Then a 4-foot long, 1 and 1/4-inch outside diameter (O.D.) stainless 
steel slug was instantaneously lowered into the water until it was fully submerged. The 
water level drop was measured at timed intervals and recorded using a pressure transducer 
and data logger. The test continued until the water level in the well stabilized. The rising 
head test immediately followed, when the slug was removed from the well, and the water 
level rise was recorded. The data from all the slug tests are provided in Appendix B. 

Groundwater samples were collected from the IEPA monitoring wells in May 1990 and from 
the two new monitoring wells (MW01 and MW02) in June 1990. Sampling at the new 
monitoring wells was done two weeks after well development was complete. Before the 
samples were collected, the depth of the water in each well was measured. The depth of 
the bottom of the well was noted, and the volume of standing water in the well calculated. 
Three well volumes of water were removed using a stainless steel bailer. The pH, 
conductivity, and temperature of the groundwater were recorded prior to sampling. The 
groundwater samples were collected using a stainless steel bailer and poured directly into 
the appropriate containers. Samples were then sent to the IEP A contract laboratory for full 
TAL inorganics, pesticides/PCBs, and BTEX volatile organics analyses. 

In the approved Work Plan, groundwater sampling was proposed for two of the residential 
wells located within a one mile radius of the site. During the field investigation of June 
1990 only one residential well was located and sampled (Figure 1-1). The groundwater 
sample and duplicate were analyzed for full TAL inorganics. 
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~PTH 

..,C.LOW 
GROUND 
SURFACE 

. . FT. 

FT. 

FT. 

i=T. 

FT 

FT. 

REMARKS: 

MONITORING WELL INSTALLATION 

GROUT MIX: 

BENTONITE SEAL: 

DATE:~------­
WELL NO.: 
PROJECT N:-:::0-.:------

PREPARED BY:-----­
CHECKED BY:------

TOP OF GROUND SURFACE EL FT. 
RISER PIPE EL · FT. 
PROTECTIVE WELL COVER CASING: 

RISER PIPE SCHEDULE 
---:--

ASTM DESIGNATION __ _ 
J.D. . O.D. __ _ 

COUPUNGS __ ==~~==~---
PIPE IN ____ FT. LENGTHS 
PIPE FT. 
PIPE FT. 
SCREEN FT. 
TOTAL FT. 

THICKNESS OF BENTONITE SEAL. ___ FT. 

LENGTH OF SCREEN ___ FT. 
SLOT SIZE IN. 

LENGTH OF FILTER PACK ___ FT. 
TYPE OF FILTER PACK _____ _ 

BOTTOM OF BORING 

EBASCO SERVICES INCORPORATED 

Figure 2-6 



WELL1 MW101 

Elevation of 
Ground Surface (ft) 509.5 

Elevation of Top 
of Casing (ft) 512.67 

Depth to Top 
of Formation (ft) 11 .2 

Depth to Water 
(6/28/90) (ft) 7.34 

Depth to Top 
of Screen (ft) 11.7 

Elevation of 
Piezometric Surface (ft) 505.33 
(6/28/90) 

Elevation of Top 
of Screen (ft) 497.8 

Elevation of Top of 
Formation (ft) 498.3 
(Hagerstown) 

Well Completion Data 4/06/87 

1 - 5 foot screen 

Table 2-1 
Monitoring Well Data 

Sandoval Zinc 
Sandoval, Illinois 

MW102 MW103 

506.3 505.3 

509.23 508.15 

12.2 12.3 

4.74 4.74 

12 12 

504.49 504.42 

494.3 493.3 

494.1 493.3 

4/08/87 4/06/87 

MW01 MW02 

505.8 507 

509.33 509.33 

12.5 14.4 

4.44 4.42 

10.76 13.35 

504.89 504.96 

495.04 493.65 

495.04 492.6 

6/14/90 6/15/90 



3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

This section presents the physical characteristics of the study area based on available 
literature, data from previous investigations, and the additional field activities conducted by 
EBASCO for the IEP A. Special emphasis was given to those features needed to 
characterize the site for use in evaluating and selecting remedial alternatives. 

3.1 Demoeraphy and Land Use 

The Sandoval Zinc site is located southeast of the City of Sandoval in Marion County, 
lllinois (Figure 3-1). The 1980 census records list the total population of Marion County 
at 41,561, yielding an estimated 75 people per square mile in the county. The 1980 census 
also indicates that the population of Sandoval, lllinois was 1,535 people; this extrapolates 
to approximately 240 people living within a 1-mile radius of the Sandoval Zinc site. 

The land area in the immediate vicinity of the Sandoval Zinc site is used for a variety of 
purposes. The land immediately south of the site is farmland, and the land north of the site 
is undeveloped grassland. West of the site, along Route 51, are several small businesses, 
and adjacent to Sandoval Zinc on the west is a junkyard and scrap metal yard. During the 
field investigations of May and June 1990, several piles of trash and tires in the junkyard 
appeared to be smoldering. There are marshy areas on the eastern and western edges of 
the site, and building refuse and scrap are littered across the site. 

3.2 Topomphy 

Marion County is located in south-central lllinois in the physiographic region known as the 
Springfield Plain (ISGS, 1975). The land surface has been modified by glacial activity into 
the relatively flat to gently rolling plains characteristic of glacial drift regions. Surface 
elevations in the county range from approximately 475 to 520 feet above mean sea level 
(MSL). 

The topography in the vicinity of the site is relatively flat and lies at approximately 500 to 
505 feet MSL An artificial mound of cinder and other fill material has raised the elevation 
of the central part of the site to approximately 510 feet MSL The surface elevation of the 
farm pond at the eastern site boundary was surveyed in 1989 at 503.1 feet MSL The site 
surface slopes gently to the lower elevations on all sides, except to the east, where a rapid 
drop of about 5 to 8 feet occurs, down to the farm pond. A topographic map with ground 
surface elevations at the one-foot contour interval is shown in Figure 3-2. 

3-1 



3.3 Surface Water 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

The Sandoval Zinc site is located within the Prairie Creek drainage basin. Prairie Creek, 
which is the nearest surface water body in the vicinity of the site (Figure 3-1), flows to the 
south west about one half mile south of the site. Approximately six miles south-southeast 
of the Sandoval Zinc site is the Centralia Reservoir and Crooked Creek. 

Surface water runoff at the site is controlled by site topography and the existing drainage 
ditches to the east and west. Since the central part of the site is the highest topographically 
due to the artificial fill, surface water runoff is in all directions away from the buildings. 
Surface water drains into both ditches, but primarily into the eastern ditch near the farm 
pond. Runoff from the site likely carrys material south, away from the site and into the 
neighboring field. 

3.4 Geoloc 

3.4.1 Regional Geology 

The Sandoval Zinc site is located in the south central portion of the Illinois Basin, a large 
Paleozoic spoon-shaped sedimentary basin. Surficial deposits overlying the bedrock strata 
of the basin are unconsolidated glacial tills, outwash, and drift. The thickness and 
composition of these flacial deposits vary across the state, typically thinning to the south 
(Willman et al.. 1975) . Figure 3-3 is a generalized stratigraphic column of Pennsylvanian 
and younger sediments of south central Illinois. 

The glacial deposits of south central Illinois are composed primarily of till, poorly sorted 
clay, silt, sand, and pebbles laid down during the four major Pleistocene advances of the 
glaciers (the Nebraskan, Kansan, Illinoisan, and Wisconsinan glacial advances). The periods 
of time between the glacial advances were known as the interglacials, and were times of soil 
formation (the Aftonian, Yarmouthan, and Sangamonian interglacials). 

The Nebraskan and Kansan glacial advances represent the first two episodes of Pleistocene 
glaciation in Illinois. The Nebraskan glacial advance effected a small portion of western 
Illinois and was either never deposited in south central Illinois or subsequently eroded. In 
areas where Nebraskan glacial deposits occur it is common to find the Afton Soil formed 
on top of the deposits. The Kansan glacial advance effected nearly two-thirds of Illinois. 
Sediments deposited during the Kansan glacial advance in south central Illinois belong to 
the Banner Formation Till and the Lierle Clay Member overlies the till of the Banner 
Formation. The Yarmouth Soil was developed directly on top of the Kansan glacial deposits 
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during Yarmouthian time. The Lierle Clay units is part of the Yarmouth Soil but is an 
accretionary deposit made largely throughout Yarmouthian time (Willman et al., 1975). 

The Illinoisan stage was marked by three major glacial advances into which covered most 
Of the state. The Glasford Formation Till was deposited during the first and second glacial 
events of the Illinoisan stage. The Vandalia Till Member of the Glasford Formation was 
deposited during the second glacial event of the lllinoisan stage since the ice sheet stopped 
well north of south central Illinois during the final phase of glaciation. The Hagarstown 
Member of the Glasford Formation was then deposited. The Berry Clay Member of the 
Glasford Formation has been identified as a Sangamon accretion gley (Willman and Fcye. 
1970)6

• Sagamon Soil developed directly on top of the Illinoisan deposits. 

There were two glacial advances during the Wisconsinan stage. Wisconsinan glacial deposits 
were limited to northern Illinois, with large quantities of loess deposited over much of the 
rest of the state. Roxana Silt, a loess was deposited during the early and middle 
Wisconsinan during the first of the two glacial advances. The Farmdale Soil was a result 
of an interval of soil formation between the two Wisconsinan advances. Peoria Loess was 
then deposited as the result of deflation of alluvial deposits from outwash streams of late 
Wisconsinan glaciers. 

The regional framework of bedrock strata in Illinois is controlled by the Illinois Basin. 
Strata underlying the study site range from Pre-Cambrian granites (oldest) to Pennsylvania 
sedimentary layers (youngest). The strata generally strike northeast and dip and thicken to 
the southeast, towards the center of the basin. The Pre-Cambrian basement rocks in Illinois 
are granites and granodiorites. They lie at depths greater than 8,000 feet below the ground 
surface in Marion County, and deep well investigations have shown up to several hundred 
feet of variation in the surface layer of these Pre-Cambrian rocks. 

The preglacial bedrock surface in Marion county, Illinois belongs to the Pennsylvanian Bond 
Formation. These Pennsylvanian rocks consist predominantly of green calcareous clays and 
shales .interbedded with thin sandstone, limestone, and coal layers. The Bond Formation 
varies from less than 150 feet thick in eastern lllinois to over 300 feet in southeastern 
Illinois and is approximately 250 feet thick in much of Marion County. 

3.4.2 Site GeoloiY 

The subsurface geology at the Sandoval Zinc site was interpreted from EBASCO boring logs 
and previously existing boring logs of the IEP A Two generalized cross sections were 
constructed from these logs. The locations of the cross-sections are shown in Figure 3-4. 
One cross-section was north-south (Figure 3-5), and the other was east-west (Figure 3-6). 
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The depths and thicknesses of the subsurface strata indicated were generalized from and 
interpreted between the borings. Information on actual subsurface conditions exists only at 
.the locations of the well borings. Monitoring well boring logs and well construction 
diagrams can be found in Appendix B. 

The generalized stratigraphy at the site, beneath the artificial cinder fill, consists of glacial 
deposits of varying thickness overlying the Pennsylvanian Bond Shale. From the EBASCO 
and IEP A boring logs, the glacial deposits, to depths of approximately 20 feet below ground 
surface, consist of the Peoria Loess and the Roxana Silt of the Wisconsinan Glacial Stage; 
the Berry Clay of the Sangamonian Stage; and the Illinoisan Stage Hagarstown Member and 
the Glasford Till. The Peoria Loess is a brownish-grey clayey silt with small amounts of 
sand (ISWS/ISGS, 1982) that was formed by wind deposits of fine particulate matter. The 
loess ranges in thickness from 6 to 12 feet across the Sandoval Zinc site. The Roxana Silt 
is described as a dark brown clayey silt with a fair percentage (20-34%) of sand. The 
Roxana Silt is thin underneath the site, thickness range from 1 to 2 feet. The Berry Clay 
is distinguished from the overlying silt by its dark-grey color and texturally it is a sandy, silty 
clay with some gravel (ISWS/ISGS, 1982). The Hagarstown Member of the lliinoisan Stage 
is a thin (1 to 2 foot) silty sand, that is variable in both thickness and composition; at times 
it is difficult to distinguish from the underlying till. The Hagarstown is the only unit which 
is water-bearing in the vicinity of the site. The Glasford Till consists of grey to dark grey 
sandy and silty till. Small lenses of sand, silt, and clay can be found within th~ till, which 
has thicknesses of approximately 20 to 40 feet. 

Previous investigations by the ISWS/ISGS determined the glacial deposits below the 
Glasford Till to be the Lierle Clay and the Banner Formation Till. Underlying the Banner 
Formation Till, at depths of 55 to 75 feet below ground surface is the Pennsylvanian Bond 
Formation, a micaceous green shale. The EBASCO and IEPA borings were shallower than 
the borings of the ISWS/ISGS study, and were also located at the edges of the site, where 
the artificial fill material was not encountered. 

3.5 Groundwater 

3.5.1 Re~onal Groundwater 

Much of the regional groundwater in Marion County, especially in the western portion of 
the county, is retrieved from the unconsolidated glacial deposits that cover the 
Pennsylvanian bedrock. In limited areas, Pennsylvanian sandstones are a source of 
groundwater, especially in the southeastern portion of the county. Where the sandstones 
occur, groundwater can be recovered from the top 150 to 200 feet of the units (ISGS, 1957). 
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A buried valley is present in the west central part of Marion County. The pre-glacial valley 
has thick deposits of unconsolidated materials, especially sand and gravels. Buried valleys 
in the county to the west of Marion County is also a potential source of private and 
municipal water supplies. 

3.5.2 Local Groundwater 

3.5.2.1 Groundwater Availability 

Most of the local water supply for the City of Sandoval and the surrounding farms is 
obtained from large-diameter wells completed in the unconsolidated deposits of the 
Hagarstown Member. These wells, which were either dug or bored, usually tapped lenses 
on thin layers of water-bearing silt sand or gravel only a few inches thick (ISWS, 1980). The 
wells range in depth from 30 to 60 feet and water levels may vary up to 10 feet due to 
seasonal precipitation and recharge changes. These wells typically produce only a few 
hundred gallons of water a day and offer no potential for providing a municipal supply. Test 
holes drilled into the underlying shale bedrock have yielded only a few thin beds of water­
yielding sandstone and creviced limestone. Below depths of 100 to 150 feet, the water is 
likely to be too brackish for domestic use. 

3.5.2.2 Groundwater Elevation 

Water level data from the EBASCO and IEPA monitoring wells completed in the 
Hagarstown Member are presented in Table 3-1. Figure 3-7 presents the groundwater 
elevation in Hagarstown Member based on the average water levels measured from May 
1990 and June 1990. It appears the groundwater in the Hagarstown Member is under 
confined or semiconfined conditions. The general direction of groundwater flow in the 
Hagarstown is somewhat difficult to determine. In 1975 and 1976, the ISWS/ISGS study 
discovered that the groundwater formed a mound under the Sandoval Zinc site, a mound 
centered on the site buildings. It was thought at that time that the mound existed due to 
liquid disposal practices at the site during operation and the high permeability of the fill 
material. 

Water level elevations taken during the field investigation in May and June 1990 were taken 
only from five wells. Many of the wells of the ISWS/ISGS study were either not located or 
found to be unusable. Water level data collected during this investigation is insufficient to 
determine the presence or absence of the groundwater mound reported in 1975 and 1976. 
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3.5.2.3 Hydraulic Conductivity 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

The hydraulic conductivity (permeability) of the Hagarstown Member was determined from 
the slug tests conducted at the newly installed EBASCO monitoring wells (MW01 and 
MW02) and at the IEPA monitoring wells (MW101, MW102, MW103) 

Slug tests consisting of falling and rising head tests were conducted on the wells in May and 
June 1990. Falling head slug tests were performed by instantaneously lowering a 4-1/2 foot 
long, 1-1/4 inch O.D. stainless steel slug attached to a nylon rope into the monitoring well 
until it was fully submerged. The water level drop was measured at timed intervals and 
recorded using a pressure transducer and data logger. Rising head slug tests consisted of 
quickly pulling the slug out of the well and recording the subsequent water level rise. 

The hydraulic conductivity of the Hagarstown Member in the vicinity of the screened 
interval was calculated using the Hvorslev method for confined conditions (Hvorslev. 1957f. 
The calculated hydraulic conductivity of the unit ranged from 2.2 to 4.9 ft/ day (7.8x104 to 
1.7x10-3 cm/s). Previous values reported for the Hagarstown ranged from 8.3x10-3 to 9.1x10-3 

em/sec (ISWS/ISGS, 1982). These values of hydraulic conductivity are consistent with the 
wide range of values reported in the literature for unconsolidated silty to clean sand (Freeze 
and Cheny. 1979)8

• The slug test data and the hydraulic conductivity calculations are 
presented in Table 3-2. 

3.5.2.4 Groundwater Velocity 

According to Darcy's law, groundwater velocity is a function of hydraulic conductivity and 
hydraulic gradient. Since the hydraulic gradient cannot be determined due to the 
uncertainty of the groundwater flow direction in the Hagarstown Member, at present, the 
groundwater velocity cannot be estimated. 
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WELL1 MWt01 

Elevation of 
Ground Surface (It) 509.5 

Elevation of Top 
of Casing (It) 512.67 

Depth to Top 
of Formation (It) 11.2 

Depth to Water 
{6/28/90) (It) 7.34 

Depth to Top 
of Screen (It) 11.7 

Elevation of 
Piezometric Surface (It) 505.33 
(6/28/90) 

Elevation of Top 
of Screen (It) 497.8 

Elevation of Top of 
Formation (It) 498.3 
(Hagerstown) 

Well Completion Data 4/06/87 

1 - 5 foot screen 

Table 3-1 
Monitoring Well Data 

Sandoval Zinc 
Sandoval, Illinois 

MW102 MWt03 

506.3 505.3 

509,23 508.15 

12.2 t2.3 

4.74 4.74 

12 12 

504.49 504.42 

494.3 493.3 

494.1 493.3 

4/08/87 4/06/87 

MW01 MW02 

505.8 507 

509.33 509.33 

12.5 14.4 

4.44 4.42 

10.76 13.35 

504.89 504.96 

495.04 493.65 

495.04 492.6 

6/14/90 6/15/90 

Note: IEPA monkoring wells G101, G102, and G103 were renamed for use in this report 
to MW101, MW102, and Mw103, respectively. 



Table 3-2 
slug Test Analyses and 

Hydraulic Conductivity Calculations 

Confined Conditions K=A/FT=d*d*In(2L/D+(l+2L/D)*(2L/D))A0.5)/(8*L*T) 

Riser Borehole Length of Basic 
Well Di11111eter (D) Diameter (D) Water Intake (L) Lag Time (T) 

NWD))er (inches) (inches) (ft) (ain) 
---

* MWlOl 2 10.25 1.3 2.5 
* MW102 2 10.25 2.7 2.1 
* MW103 2 10.25 2 2.3 

MW01 2 10.25 2 . 5 1.5 
MW02 2 10.25 3 . 6 0.8 

Hydraulic 
Conductivity (K) 

(ft/day) 

2.80E+OO 
2.23E+OO 
2.42E+OO 
3.26E+OO 
4.87E+OO 

* IEPA monitoring wells GlOl, G102, and G103 were renamed for use in this report to MW101, 
MW102, and MW103, respectively. 



4.0 NATURE AND EXTENT OF CONTAMINATION 
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This section presents a discussion of the analytical results, by sample media, for all samples 
collected during the field investigation at the Sandoval Zinc site. Detailed analytical results 
for all the samples are presented in Appendix C. 

4.1 Above Ground Storaee Tank 

One sample and a duplicate were collected from the abandoned above ground storage tank 
(Figure 4-1). The samples were analyzed for Target Analyte List (TAL) inorganics, PCBs, 
and the volatile organic compounds benzene, toluene, ethyl benzene, and xylene (BTEX). 
The samples were also analyzed for their heating value. Five inorganic and three organic 
compounds were detected in the tank sample and in the duplicate. Iron, lead, nickel, 
vanadium, and zinc were all detected at concentrations under 50 ppm. Toluene, ethyl 
benzene, and xylenes were also detected in the tank sample and duplicate. Toluene values 
were 4,400 ppb and 6, 700 ppb in the sample and duplicate; ethyl benzene was detected at 
20,000 ppb and 23,000 ppb, and xylene at 96,000 ppb and 92,000 ppb. No PCBs were 
detected in either the tank sample or the duplicate. The heating values of the sample and 
duplicate were 18,500 and 17,800 btu/lb., respectively. The analytical result are summarized 
in Table 4-1. 

4.2 Product/Ash 

Six samples and one duplicate were collected from the piles of waste product and ash within 
the main building at the site (Figure 4-2). The samples were analyzed for full TAL 
inorganics and for EP Toxicity. Aluminum, iron, lead, and zinc were detected in 
concentrations greater than 10,000 mgfkg in at least two of the samples. Aluminum 
concentrations were greater than 10,000 mg/kg in five of the six samples and in the 
duplicate. Zinc concentrations were greater than 200,000 mg/kg in all samples and 
duplicate, except for sample WPA06S, where the level of zinc was 27,000 mgfkg. Other 
metals detected in relatively high concentrations were chromium, copper, and nickel, but 
they were found only in a random scattering across the samples. EP Toxicity results from 
the samples of waste product and ash varied from sample to sample. The maximum 
concentration levels permitted in the extract from EP Toxicity tests were exceeded in all 
samples for barium, cadmium, chromium, and lead, but the highest concentrations were 
found in samples WP A02S, WP A03S, WP A05S, and WP A06S. 

Table 4-2 summarizes the key results for the inorganic analysis and the EP Toxicity test. 
The concentration levels for the EP Toxicity test are the legal limits for leachable metals. 
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All samples failed to meet the specified levels for one or more metals. Therefor.e, the waste 
product and ash must be considered hazardous waste. 

4.3 Surface Soil 

Twenty-three surface soil samples and three duplicate samples were collected from the 
locations shown in Figure 4-3. All the samples were analyzed for full TAL inorganics. Two 
of the samples, SS08S and SSlOS, and the duplicate SSlOD were also analyzed for PCBs. 
Aluminum, calcium, copper, iron, lead, and zinc were found in high concentrations in most 
samples. Concentrations of aluminum were typically greater than 5,000 ppm in the surface 
soil samples. Iron, lead, and zinc levels were found to be greater than 10,000 mg/kg in most 
samples and copper concentrations were typically above 1,000 mg/kg. Other metals that 
were detected at elevated levels in several samples include antimony, cadmium, chromium, 
manganese, mercury, nickel, and silver. No PCBs were detected in SS08S, SSlOS, or SS10D. 
Table 4-3 shows a summary of the key analytical results for the surface soil samples. 

4.3.1 Comparison of Results with Previous lnyesti&ation 

A publication entitled "Retention of Zinc, Cadmium, Copper, and Lead By Geologic 
Materials" prepared by the lllinois State Water Survey (ISWS) and the Illinois State 
Geological Survey (ISGS) documents an investigation conducted at the Sandoval Zinc site 
from 1974 to 1977. The purpose of this investigation was to define the vertical and 
horizontal migration patterns of zinc, cadmium, copper, and lead through the soil and 
shallow aquifer systems at Sandoval Zinc and one other secondary zinc smelting site. 

During the present field investigation, lead, zinc, copper, and nickel were detected in high 
concentrations in surface soil samples. Cadmium and silver were also detected but in 
relatively lower concentrations. The ISWS /ISGS study did not analyze soil samples for 
silver and nickel. Figure 4-3 shows the location of the surface soil samples collected in the 
present study along with concentrations of lead, zinc, copper, silver, and nickel in the 
samples. For comparison, Table 4-4 indicates the approximate concentrations of lead, zinc, 
cadmium, and copper obtained from selected well and core samples in the ISWS/ISGS 
study. The locations of these samples are shown in Figure 4-4 and are approximate since 
the ISWS/ISGS report did not use surveyed site maps to show sample locations. The 
ISWS/ISGS study did not analyze all core samples for the same parameters. Consequently, 
different ISWS/ISGS samples are compared to the same samples from the EBASCO study 
for specific analytes in Tables 4-4 and 4-5. The purpose of comparison between ISWS/ISGS 
data on metals concentration in surface soil, and the data compiled by EBASCO is to 
determine if site conditions have changed significantly since the ISWS/ISGS study. 
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In general, the data on surface soil samples in the EBASCO study are in the same range 
with those obtained in the ISWS/ISGS study. However, the exact concentrations of the 
laboratory analysis for the metals in the previous study are unknown. Therefore, EBASCO 
cannot be certain as to whether or not contaminants have migrated from the surface. 
Furthermore, the previous study did not analyze for silver which is found in concentrations 
significantly higher than those found in the average soils (0.01-5 mg/kg) throughout the 
United States. The silver could have come from the zinc ores mined from southern 
Missouri and smelted at the facility. 

4.4 Surface Water 

Four surface water samples and one duplicate were collected from the locations shown in 
Figure 4-1. The samples were analyzed for volatile organic compounds (BTEX) and for full 
TAL inorganics. The only volatile organic compound detected was toluene, but since 
toluene was also found in the laboratory blank, the compound could be due to laboratory 
contamination. Inorganic analytes detected in the surface water samples at elevated 
concentrations include aluminum, cadmium, calcium, copper, iron, magnesium, manganese, 
nickel, silver, thallium, and zinc (Table 4-6). 

4.5 Groundwater 

Two shallow monitoring wells were installed on-site. The wells were screened in the 
Hagarstown Member. Groundwater elevations in the two newly installed monitoring wells 
and the three existing wells on-site were measured on June 28, 1990. Water level data are 
insufficient to draw a contour map due to the small differences in elevations between the 
monitoring wells. It appears that the piezometric surface of the groundwater in the 
Hagarstown Member is relatively flat, so no determination of the hydraulic gradient or the 
groundwater velocity at the ~ite could be made. Slug tests performed on the wells during 
the field investigation yielded hydraulic conductivity values ranging from 8.8x104 to 2.8x10-3 

em/sec for the Hagarstown Member. 

Six groundwater samples and two duplicate samples were collected from five wells on-site 
(Figure 4-1) and from a single residential well (Figure 1-1, Residential Well A). Residential 
wells B&C were not sampled because they could not be identified. All samples were 
analyzed for full TAL inorganics; the samples collected from the five monitoring wells on­
site were also analyzed for PCBs and BTEX. Two of the groundwater samples, MW102S 
and MW103S, were also analyzed for the full TCL organics list. None of the groundwater 
samples contained PCBs, nor did they contain any volatile organic compounds, with two 
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exceptions (Table 4-7). Groundwater samples MW01S and MW103S both contained trace 
amounts (less than 5 JJ.g/1) of toluene. 

Of the twenty-three metals analyzed, calcium, magnesium, potassium, and sodium were 
detected at levels greater than 1,000 J.1. g/1 in most samples. These concentrations are most 
likely due to the bedrock and soil composition and are probably unrelated to past site 
activities. Aluminum, cadmium, chromium, iron, manganese, silver, thallium, and zinc were 
also detected in most of the groundwater samples. The residential groundwater sample and 
the duplicate contained iron (2,660-2,700 JJ.g/1), manganese (160 JJ.g/1) silver (60-61 JJ.g/1), 
thallium (100 JJ.g/1) and zinc 88-96 JJ.g/1). Silver and thallium in the residential well samples 
exceeded Federal Drinking Water Standards values of 50 JJ.g/1 and 0.5 JJ.g/1, respectively. 
The groundwater samples collected from MW01 and MW02 exceeded Federal Drinking 
Water Standards for cadmium, chromium, copper, and silver. Table 4-8 summarizes the 
groundwater quality data. The high values of calcium (24,000-1,100,000 JJ.g/1) and 
magnesium (8,370-360,000 JJ.g/1) indicate that these constituents were most likely released 
from the soil into the groundwater through ion-exchange with the contaminant metals on­
site. So long as the soil has adequate ion-exchange capacity, the calcium and magnesium 
levels in the groundwater are likely to remain high. 

4.6 Sediment 

Sediment samples (SS01 through SS04) were collected from the four locations shown in 
Figure 4-3. Four samples and one duplicate were collected and analyzed forT AL inorganics 
and PCBs. High concentrations of aluminum, cadmium, copper, iron, lead, manganese, 
nickel, silver, and zinc were detected in all the sediment samples. Aluminum, iron, and zinc 
were found in concentrations generally greater than 10,000 mg/kg. The remaining detected 
metals were generally in the greatest concentrations in sediment samples SS01S, SS01D, and 
SS04S. No PCBs were detected in any of the sediment samples. Table 4-9 summarizes the 
key results from the analyses. 

Although the sediment samples were not analyzed for EP Toxicity, the high levels of lead 
detected in the samples suggest that the sediments would be classified as a characteristic 
hazardous waste. 
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TABLE 4-1: SUMMARY OF ANALYTICAL RESULTS FROM TANK SAMPLES 

Analysis 

Inorganic Compounds {mglkg) 

Iron 
Lead 
Nickel 
Vanadium 
Zinc 

Volatile Organics (pglkg) 

Toluene 
Ethylbenzene 
Xylenes (Total) 

Heating Value (BTU/lb) 

CRDL = Contract Required Detection Limits 
S =Sample 
D = Duplicate 
J = Estimated Value 

CROL 

100 
5 

40 
50 
20 

1.0 
5.0 

10.0 

----

Sampling Locations 

TS01S TS010 

41 34 
28 28 
17 17 
49 46 
20 19 

4400.J 6700. 
20,000. 23,000. 
96,000. 92,000. 

18,500 17,800 

I 



TABLE 4-2: SUMMARY OF ANALYTICAL RESULTS FROM 
WASTE PRODUCT AND ASH SAMPLES 

Sampling Locations 

Analysis CROL WPA01S WPA010 WPA02S WPA03S WPA04S WPA05S WPA06S 

Inorganic Compounds (mglkgJ 

Aluminum 200.0 
Chromium 10 
Copper 25 
Iron 100 
Lead 5 
Nickel 40 
Zinc 20 

EP Toxicity Values (pg/1) MCL 

Barium 100.0 
Cadmium 1.0 
Chromium 5.0 
Lead 5.0 

CRDL =Contract Required Detection limits 
MCL = Maximum Concentration Levels 
S =Sample 
D =Duplicate 

74,000 
330 
210 

87,000 
1,100 

430 
260,000 

260 
250 

10 
12 

U = Compound Analyzed for But Not Detected 

79,000 
300 
160 

94,000 
1,000 

450 
260,000 

290 
270 
8.6 
43 

37,000 27,000 10,000 15,000 1,800 
330 110 40 55 1.9U 

71,000 1,000 3,800 590 210 
22,000 24,000 2,300 62,000 3,200 
63,000 3,200 8,300 4,300 10,000 
14,000 450 2,000 430 49 

220,000 290,000 680,000 240,000 27,000 

4,000 1,000 160 760 1,200 
200 880 340 1,500 210 
8.7 6.9 12 7.2 6.2 

4,000 8,400 22,000 46,000 7,100 

-



TABLE 4-3: SUMMARY OF INORGANIC ANALYSES (MG/KG) 
IN SURFACE SOIL SAMPLES 

Analyte CRDL SS05S SS05D 

Aluminum 200.0 11,300 11,000 
Antimony 60 2.8U 2.2U 
Cadmium 5 1.4U 1.3U 
Calcium 5,000 10,900 3,500 
Chromium 10 2.8U 5.1 
Copper 25 190 73 
Iron 100 36,300 19,700 
Lead 5 510 1.30 
Manganese 15 240 190 
Mercury 0.2 0.47 0.10U 
Nickel 40 34 44 
Silver · 10 81 47 
Zinc 20 20,000 4,200 

CRDL = Contract Required Detection Limits 
S =Sample 
D = Duplicate 
R = Rinsate 
J = Estimated Value 
U = Compound Analyzed for But Not Detected 

Sampling Locations 

SS06S SS07S sso8s SS09S SS10S SS10D 

7,520 6,000 6,no 8,990 7,160 7,400 
15U 15 28 16 23 17 

1.2U 1.1U 3.7 21 67 35 
96,800 14,300 1,830 3,430 4,570 2,440 

2.4U 24 9.5 16 98 18 
100 350 4,290 4,250 5,850 3,no 

14,900 18,500 75,200 69,700 70,300 58,900 
250 4,000 41,000 16,000 11,000 6,200 
260 220 94 170 380 350 

0.11 . 1.0 0.22 0.45 0.21 0.19 
9.7U 240 11 1,710 2,010 2,710 
150 24 110 97 94 83 

2,100 26,000 73,000 55,000 120,000 88,000 

SS11S 

11,500 
61 

1.5U 
1,640 

60 
5,500 

26,900 
21,000 

180 
2.1 
600 

38 
270,000 

-
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TABLE 4-3: SUMMARY OF INORGANIC ANALYSES (MG/KG) (Cont'd.) 
IN SURFACE SOIL SAMPLES 

Analyte CRDL SS12S SS12R 

Aluminum 200.0 11,800 200U 
Antimony 60 19 60U 
Cadmium 5 33 5U 
Calcium 5,000 1,800 1_,000UJ 
Chromium 10 27 '15 
Copper 25 1,350 53 
Iron 100 35,300 66J 
Lead 5 13,000 52 
Manganese 15 550 15U 
Mercury 0.2 49 0.20U 
Nickel 40 750 40U 
Silver 10 54 10U 
Zinc 20 240,000 3,200 

CRDL =Contract Required Detection Limits 
S =Sample 
D = Duplicate 
R = Rinsate 
J = Estimated Value 
U = Compound Analyzed for But Not Detected 

SS13S 

12,900 
13U 

1.1 u 
2,030 

2.2 
490 

36,500 
2,200 
1,150 

0.37 
120 

64 
25,000 

L ___ ----- --- ------

Sampling Locations 

SS13D SS14S SS14R SS15S SS16S 

10,300 8,600 200U 11,100 10,400 
2.4U 2.6U 60U 2.2U 150 
1.2U 1.0U s.u 1.2U 1.0U 
990 980 1,000UJ 630 5,210 

2.3U 2.0U 10 2.4U 24 
520 100 35 6.0U 2,880 

42,100 15,900 SOUJ 22,300 57,600 
2,200 330 su 71 14,000 
1,360 400 15U 2,320 410 

1.1 0.069U 0.20U 0.059U 0.37 
110 23 40U 9.5U 250 

67 23 10U 43 91 
21,000 1,900 440 ' 2,200 24,000 

L__ 

SS16R SS17S 

200U 8,810 
60U 25 

5U 15 
1,000UJ 1,580 

10U 17 
25 3,000 

64J 37,400 
37 7,500 

15U 400 
0.20U 13 

40U 740 
10U 42 
100 210,000 

-



TABLE 4-3: SUMMARY OF INORGANIC ANALYSES (MG/KG) (Cont'd.) 
IN SURFACE SOIL SAMPLES 

Analyte CRDL SS18S 

Aluminum 200.0 6,130 
Antim~ny 60 65 
Cadmium 5 48 
Calcium 5,000 4,180 
Chromium 10 13 
Copper 25 1,060 
Iron 100 5,380 
Lead 5 3,200 
Manganese 15 340 
Mercury 0.2 1.4 
Nickel 40 490 
Silver 10 15 
Zinc 20 170,000 

CRDL =Contract Required Detection Limits 
S =Sample 
D =Duplicate 
R = Rinsate 
J = Estimated Value 

SS19S 

6,530 
240 

27 
23,500 

73 
1,310 

126,000 
6,300 
3.5U 

5.7 
450 
210 

98,000 

U = Compound Analyzed for But Not Detected 

SS20S 

7,770 
12U 

1.0U 
1,670 

4.4 
1,490 

32,100 
1,300 

4.2 
0.45 
780 

50 
40,000 

Sampling Locations 

SS21S SS22S SS23S SS24S SS25S 

10,700 7,310 6,540 5,710 8,910 
280 210 180 60 6.6 

27 10 3.7 1.3U 1.4U 
29,200 2,090 4,500 750 960 

8.3 14 16 2.6U 2.7U 
2,140 4,270 4,450 1,830 460 

56,600 44,600 54,100 43,200 16,300 
7,600 4,300 14,000 28,000 830 
~20 120 290 13 390 

0.66 0.53 0.46 7.7 0.11 
1,410 2,500 3,460 600 240 

94 71 72 41 23 
74,000 48,000 150,000 190,000 9,600 

SS26S SS27S 

9,630 6,750 
2.6U 2.4U 
1.4U 1.0U 
480 1,270 

2.7U 2.0U 
67 150 

21,000 18,400 
170 15,000 

1,790 910 
0.098U 0.081U 

25 66 
40 33 

1,900 360,000 



TABLE 4-4: SUMMARY OF SURFACE SOIL ANALYTICAL DATA 
(All Concentrations in mg/kg) 

LEAD ZINC COPPER 
Ebasco Study ISGSStudy Ebasco Study ISGSStudy Ebasco Study ISGSStudy 

Sample It Concentration Sample II Concentration Sample II Concentration Sample II Concentration Sample I Concentration Sample## Concentration 

Background: 71-15,000 Background: 10-40 Background: 1,900-360,000 Background: 20-50 Background: 6-460 Background: 10-30 

SS14 330 S$14 1,900 C12 100-1,000 SS14 100 SS15 71 SS15 2,200 SS15 6.0U SS25 830 SS25 9,600 SS25 460 SS26 170 SS26 1,900 SS26 67 SS27. 15,000 SS27 360,000 SS27 150 

SS01 2,200 C37 <100 SS01 18,000 W2 1,000-10,000 SS01 820 C37 1,000 SS02• 490 SS02• 150,000 C1 10,000-100,000 SS02• 440 
SS03• 190J SS03• 1,410J SS03• 330J SS04• 2,200J SS04• 1,080J SS04• 1,010J 
SS05 510 W3 100-1,000 ssos 20,000 C6 10,000 SS05 190 W3 <100 SS06 250 SS06 2,100 SS06 100 
SS07 4,000 SS07 26,000 C15 10,000-100,000 SS07 350 
SS08 41,000 sso8 73,000 ssoa 4,290 
SS09 16,000 SS09 55,000 SS09 4,250 
SS10 11,000 SS10 120,000 SS10 5,850 
SS11 21,000 C9 >10,000 SS11 270,000 C19 >100,000 SS11 5,500 C9 >1 ,000 SS12 13,000 SS12 240,000 SS12 1,350 

• Composite of 3 Grab Samples 



TABLE 4-4: SUMMARY OF SURFACE SOIL ANALYTICAL DATA (Cont'd.) 
(All Concentrations in mg/kg) 

LEAD ZINC COPPER 

. . 
Ebasco Study ISGSStudy Ebasco Study ISGSStudy Ebasco Study ISGSStudy 

Sample# Concentration Sample II Concentration Sample II Concentration Sample# Concentration Sample I Concentration Sample I Concentration 

SS13 2,200 C13 100-5,000 SS13 25,000 W13 >10,000 SS13 490 C13 <100 

SS16 14,000 SS16 24,000 C8 >100,000 SS16 2,880 

SS17 7,500 C7 1,000-10,000 SS17 210,000 C4 10,000-1 00,000 SS17 3,000 C7 100-1,000 

SS18 3,200 SS18 170,000 C7 >10,000 SS16 1,060 

SS19 6,300 W18 100-1,000 SS19 98,000 W18 10,000-100,000 SS19 1,310 W18 100-1,000 

SS20 1,300 SS20 40,000 C6 10,000-100,000 SS20 1,490 

SS21 7,600 SS21 74,000 C10,C1 10,000-100,000 SS21 2,140 

SS22 4,300 SS22 48,000 C12 10,000-100,000 SS22 4,270 

SS23 14,000 C5 1,000-10,000 SS23 150,000 C5 10,000-100,000 SS23 4,450 C5 >1,000 

SS24 28,000 SS24 190,000 C2 1,000-10,000 SS24 1,630 
- - ----- --- -- - ---- ---------- - ----- '---~ -----



TABLE 4-5: SUMMARY OF SURFACE SOIL ANALYTICAL DATA 
(All Concentrations in mg/kg) 

CADMIUM NICKEL 

Ebasco Study ISGS Study Ebasco Study 

Concentration 

SILVER 

Ebasco Study 

Sample# Sample# Concentration Sample# Concentration Sample# Concentration 

Background: 1.0-1.5U 0.04-1.5 Background: 0.070-240 Background: 23-40 

SS14 1.0U SS14 23 SS14 23 SS15 1.2U SS15 9.5U SS15 43 SS25 1.4U SS2S 240 SS25 23 SS26 1.4U SS26 25 SS26 40 SS27 1.0U SS27 66 SS27 33 

SS01 21 SS01 440 SS01 3.2U SS02 5.0 SS02 180 SS02 3.6U SS03 1.5U SS03 190 SS03 . 31 SS04 8.2 SS04 490 SS04 46 ssos 1.4U W3 1-10 SS05 34 ssos 81 SS06 1.2U SS06 9.7U SS06 150 SS07 1.1U SS07 240 SS07 24 ssoa 3.7 SSOB 11 sso8 110 SS09 21 SS09 1,710 SS09 97 SS10 35-67* C9 >10 SS10 2,010 SS10 94 SS11 1.5U SS11 600 SS11 38 SS12 33 SS12 750 SS12 54 SS13 1.1 u SS13 120 SS13 64 SS16 1.0U SS16 250 SS16 91 

• Two samples were collected including one duplicate sample. The concentrations were 35 and 67 mg/kg. 



TABLE 4-5: SUMMARY OF SURFACE SOIL ANALYTICAL DATA (Cont'd.) 
(All Concentrations in mg/kg) 

CADMIUM NICKEL SILVER 

Ebasco Study ISGS Study Ebasco Study Ebasco Study 

Sample# Concentration Sample# Concentration Sample# Concentration Sample# Concentration 

SS17 15 C7 >10 SS17 740 SS17 42 
SS18 48 SS18 490 SS18 15 
SS19 27 W18 >10 SS19 450 SS19 210 
SS20 1.0U SS20 780 SS20 50 
SS21 27 SS21 1,410 SS21 94 
SS22 10 SS22 2,500 SS22 71 

SS23 3.7 cs 1-10 SS23 3,460 SS23 72 
SS24 1.3U . SS24 600 SS24 41 

- - --

U - Compound analyzed for but not detected. Value reported is Contract Required Detection Limit (CRDL). 

i 



TABLE 4-6: SUMMARY OF ANALYTICAL DATA FOR 
.SURFACE WATER SAMPLES 

Analysis CRDL 

Inorganic Compounds (mq/1} 

Aluminum 200.0 
Cadmium 5 
Calcium 5,000 
Copper 25 
Iron 100 
Magnesium 5,000 
Manganese 15 
Nickel 40 
Silver 10 
Thallium 10 
Zinc 20 

Volatile Compounds {pg/1) 

Toluene 1.0 

CRDL =Contract Required Detection Limits 
S =Sample 
D = Duplicate 
R = Rinsate Sample 
J = Estimated Value 
U = Compound Analyzed for But Not Detected 

SW01S SW010 

780 1,000 
360 370 

100,000 110,000 
90 80 

1,400 1,400 
16,000 16,000 

1,500 1,600 
100 100 
120 120 
53 47 

4,200J 4,100J 

su su 

Sampling locations 

. SW02S SW03S SW04S SW04R 

5,200 5,600 660 200U 
s.ou s.ou s.ou s.ou 

17,000 5,300 18,000 1 ,ooou 
85 90 79 25U 

3,200 3,300 3,200 sou 
2,400 2,500 4,400 1,000U 

84 120 930 15U 
40U 40U 40U 40U 

17 10U 13 10U 
10U 10U 10U 10U 

500J 1 ,OOOJ 1,000J 110J 

su 258 58 278 

Federal Drinking 
Water Standards 

MCL 

--
0.005 

--
1.3 

--
--
--

0.10 

--
--
--

--

(Proposed) 

(Proposed) 

(Tentative) 

• \ 



TABLE 4-7: SUMMARY OF ANALYTICAL DATA FOR GROUNDWATER SAMPLES 

Analysis CRDL 

lnorg_anic Com{!Qunds (malll 
Aluminum . 200.0 
Cadmium s 
Calcium s,ooo 
Chromium 10 
Copper 2S 
Iron 100 
Magnesium s,ooo 
Manganese 15 
Potassium S,OOO 
Silver 10 
Sodium s,ooo 
Thallium 10 
Zinc 20 

Volatile Come.ounds {Palll 
Toluene 1.0 

CRDL = Contract Required Detection Limits 
S =Sample 
D = Duplicate 
A= Rinsate 
J = Estimated Value 

MW101S 

200U 
s.ou 

24,000 
10U 
2SU 
sou 

13,000 
1SU 
670 

43 
240,000 

10U 
20U · 

su 

U = Compound Analyzed for But Not Detected 
NR =Analysis Not Run 
RW = Residential Well 

MW101D 

200U 
s.ou 

24,000 
10U 
25U 
sou 

13,000 
1SU 
670 

40 
241,000 

10U 
20U 

5U 

Sampling Locations 

MW01S MW02s 
MW101R MW102S MW103S Total Total RW01S 

200U 200U 200U 14,000J 13,000J 200U s.ou s.ou s.ou 4S 6.0 su 
1 ,ooou 240,000J 290,000J 1,100,000 130,000 66,900J 

10U 10U 10U 1SO ~ 69 10U 
25U 2SU 2SU 64 47 3S sou sou sou 34,000J 34,000J 2,700J 

1 ,ooou 170,000 1SO,OOO 360,000J 46,000J 8,370 
1SU 1SU 380 1,SOOJ 1,400J 160 

soou 1,400 3,000 6,SOO S,900 1,240 
10U 420 4SO 140 11 66 soou 280,000 9S,OOO 420,000 230,000 12,300 
10U 180 190 s.ou 5.0U 10U 
20U 20U 20U 280 200 88 

su 5U 2J 4J su NR 

f 

RW01D 

200U 
su 

68,800J 
10U 
2SU 

2,660J 
8,400 

160 
1,230 

61 
12,400 

110 
96 

NR 



TABLE 4-8: SUMMARY OF GROUNDWATER 
QUALITY DATA FOR THE 

SANDOVAL ZINC SITE 

Federal Drinking Water Standards 

Range of Values for 
Monitoring and Residential 

Well Water Samples 
Analyte pg/1 

Aluminum NO (5) - 14,000 
Cadmium 6-45 
Chromium 69-150 
Copper 35-64 
Iron NO (5) - 34,000 
'~anganese NO (5) - 1 ,500 
_ead 29-34 

Nickel 41 
Silver 11-450 
Toluene NO (5)- 4 
Zinc 88-280 
Calcium 24,000-1,100,000 
Magnesium 8,370-360,000 

(1) National Primary Drinking Water Standard 
(2) Maximum Contaminant Level 
(3) Maximum Contaminant Level Goal 
{4) Secondary Maximum Contaminant Levels 
(5) None Detected 
(P) Proposed Regulatory Value 
{T) Tentative Regulatory Value 

As of April, 1990 

NIPDWR (1) MCL (2)/MCLG (3) MCLS (4) 
pg/1 pg/1 mg/1 

-- -- 0.05 to 0.2 
10 5 (P)/5 (P) 
50 1 00 (P)/1 00 (P) 

-- 1 ,300 (P)/1 ,300 (P) 1 

-- -- 0.3 

-- -- 0.05 

-- 5 (P)/Zero (P) 

-- 1 00 (T)/1 00 (T) 
50 -- 0.09 

-- 2,000 (P)/2,000 (P) 0.04 

-- -- 5 

-- --
-- --



TABLE 4-9: SUMMARY OF ANALYTICAL RESULTS FROM SEDIMENT SAMPLES 

Analysis CRDL 

Inorganic Compounds (mglkg) 

Aluminum 200.0 
Cadmium 5 
Copper 25 
Iron 100 
Lead 5 
Manganese 15 
Nickel 40 
Silver 10 
Zinc 20 

CRDL =Contract Required Detection Limits 
S =Sample 
D =Duplicate 
A= Rinsate 
J = Estimated Value 
U = Compound Analyzed for But Not Detected 

SS01S 

18,000 
21 

820 
15,000 

2,200 
260 
440 

3.2U 
18,000 

-- - --

Sampling Locations 

SS01D SS02S SS03S SS04S SS04R 

12,000 9,600 8,560 13,600 200U 
19 5.0 1.5U 8.2 5.0U 

850 440 330J 1,010J 87 
12,000 13,000 17,100J 66,400J 24,100J 

2,000 490 190J 2,200J 120 
1,300 290 270 2,no 170 

470 180 190 490 198 
2.9U 3.6U 31 46 10U 

15,000 150,000 1,410J 1,080J 16,200 



5.0 SUMMARY AND CONCLUSIONS 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

This section summarizes the major findings of the field investigation. The primary · 
contaminants of concern are associated with the past operation and maintenance of the 
Sandoval Zinc Company. These contaminants are primarily the heavy metals from the 
smelting process. A summary of the extent of the inorganic contamination in the soils, 
groundwater, and waste products is presented. 

Analytical results of the tank sample and the duplicate show that the tank contains residual 
fuel oil with an average heating value of 18,100 BTU /lb. The oil does not contain PCBs 
but contains 28 mg/kg of lead. Other inorganic analytes detected in low concentrations (less 
than 50 ppm) were iron, nickel, vanadium, and zinc. Because of the high lead 
concentration, the oil would be classified as a characteristic hazardous waste (0008). 

The ash and waste product inside the buildings contain high concentrations of aluminum, 
iron, lead, and zinc. Zinc concentrations were typically greater than 200,000 mg/kg. All of 
the samples collected failed the EP Toxicity test for barium, cadmium, chromium, and lead. 
However, the waste product and ash on-site are not listed hazardous wastes, but would be 
classified as characteristic hazardous waste. 

The inorganic analytes detected in the surface soil samples include copper, lead, nicke~ and 
zinc. Zinc concentrations ranged from 1,900 mg/kg to 360,000 mg/kg in the samples. 
Copper, lead, and nickel concentrations typically were much lower, from 10 to 50,000 mg/kg. 
These concentrations correlate reasonably well with surface soil data from the previous 
ISWS/ISGS study. Based on the site geology and close correlation of surface 
concentrations, data on the subsurface soil conditions from the previous study should still 
be valid and representative of subsurface conditions at the site. This assumption is 
reasonable in light of the low permeability of the underlying till material. Consequently, the 
ISWS/ISGS data can be used to approximate volumes of contaminated on-site soils for the 
feasibility study. 

Hydraulic conductivity values obtained from EBASCO's field investigation ranged from 
8.8x104 to 2.8x1o-3 em/sec and are within the normal range ·for silty sand. However, no 
determination can be made regarding the hydraulic gradient or the groundwater velocity. 

No PCBs were found in the groundwater samples, but they do contain high concentrations 
of cadmium, chromium, copper, and silver. These contaminants could have been 
transported from the impacted surface soil to the groundwater via abandoned investigative 
wells which have not been plugged and/or damaged and improperly installed wells that still 
exist on-site. The groundwater samples collected from MW01 and MW02, the newly 
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installed wells, both exceed the National Interim Primary Drinking Water Regulations 
(NIPDWR). The residential well sample contained levels of silver and thallium exceeding 
the NIPDWR standards. 

There is considerable difference in the water quality data between the two newly installed 
wells and the three old monitoring wells. Additional sampling would be required to resolve 
this discrepancy and establish whether or not samples from the new wells are representative 
of current site conditions. Filtered samples show concentrations of dissolved metals and are 
more important from the stand point of compliance with drinking water standards, unfiltered 
samples represent a worst case scenario for determining treatment options. 

Additional monitoring wells will probably not be necessary to characterize the groundwater 
quality on-site. A conventional pump and treat system is not likely to be considered a 
favorable alternative to remediate the groundwater at this facility because of the low 
productivity of the Hagarstown formation. There is no immediate health concerns for the 
drinking water at Sandoval because the city receives drinking water from Centralia. The 
current groundwater quality on-site poses no threat to the deep productive water bearing 
aquifer in the Hagarstown formation so long as the soil has adequate ion-exchange capacity 
and the contaminant metals are retained in the soil. However, the potential for 
groundwater transport of metals can be substantially reduced or eliminated by removing the 
metals from the soil or immobilizing them in the soil. 

Based on one round of sampling, the concentrations of cadmium, copper, nickel, and silver 
in the surface water from the farm pond exceed the MCLs for drinking water. This water 
would require treatment prior to discharge. 

Sediments in the vicinity of the farm pond also contain high concentrations of metals. The 
farm pond has not been previously investigated, and additional sampling to further define 
the extent of contamination for remediation would be required as part of the remedial 
design for this site. 

The high levels of lead and zinc in the sediments suggest that these metals were probably 
not transported to the farm pond area through surface water runoff or groundwater 
movement. The terrain on-site is essentially flat and is not conducive to such transport. 
The high metals concentration in the sediments could have resulted from using the farm 
pond as a processing unit to store waste water when the smelters were in operation. These 
sediments would likely be classified as characteristic hazardous waste. 
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6.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This FS was performed according to the following steps: 

• Establish potential remedial objectives. 

• Identify general response actions to meet remedial objectives, including no 
action. 

• Identify remedial technologies under each general response action with 
emphasis on permanent solutions. 

• Screen remedial technologies based on technical considerations and then, use 
those technologies to develop remedial alternatives. 

• Screen remedial alternatives according to effectiveness, implementability, and 
cost. 

• Perform a detailed evaluation of the remaining remedial alternatives based 
on short-term effectiveness; long-term effectiveness and permanence; 
reduction of toxicity, mobility, and volume; implementability; cost; compliance 
with ARARs; overall protection of human health and the environment; and 
state and community acceptance, and 

• Perform a comparative evaluation between remedial alternatives. 

The FS methodology for each of these steps is described in detail in the appropriate 
sections. 

This section summarizes the screening process used to identify technologies appropriate to 
remedy contaminants of concern at th~ Sandoval Zinc site. 

6.1 Remedial Action Objectives 

The IEP A established Remedial Action Objectives (RAOs) based on the results of the 
additional field investigation, the ISWS/ISGS study, and the concentration of contaminants 
considered to be acceptable for the site. These objectives are listed in Table 6-1 by 
parameter separately for groundwater and soil. 
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The IEP A's current remediation strategy is to identify and evaluate those remedial 
technologies and process options that can achieve the established RAOs. These are 
numerical objectives, which if attained, would allow the site to be restored for unrestricted 
use. These objectives do not take into co.nsideration contaminant pathways, potential 
receptors and the potential carcinogenic and non-carcinogenic risk posed by the 
contaminants to those receptors. 

For the purpose of this FS, EBASCO has assumed that prevention of exposure to the 
contaminants is also a remedial action objective. This will facilitate evaluation of those 
remedial technologies that cannot achieve the numerical objectives, but can be effective in 
eliminating the risk of exposure to contaminants. 

6.2 The Study Area for the Feasibility Study 

The study area for this Feasibility Study is shown in Figure 6-1. After EBASCO completed 
the additional field investigation· in 1990, the IEPA installed a fence around the site to 
restrict public access as part of the initial step to prevent exposure to contaminants on-site. 
This fence line essentially outlines the boundary established by the IEP A for the purpose 
of this Feasibility Study. However, also included within this boundary is the "farm pond" 
located east of the site. Any area outside the designated boundary is beyond the scope of 
this Feasibility Study. 

6.3 Impacted Areas for the FS 

This section summarizes the five areas of concern that are addressed in this FS. These 
areas are: 1) the above ground storage tank, 2) waste product/ash and miscellaneous debris, 
3) impacted soil, 4) impacted groundwater, and 5) the farm pond and associated impacted 
sediment. 

6.3.1 Aboveiround Storaie Tank 

The aboveground storage tank (AST} located on-site was found to contained residual fuel 
oil. A sample of the fuel oil was collected for laboratory analysis (see Section 4.0) and was 
determined to have sufficient heating value to be used as supplementary fuel for 
combustion. However, in September 1991, a valve in the outlet line failed and released a 
considerable portion of the tank contents onto the ground. The IEP A implemented 
emergency response action to mitigate the immediate hazards posed by the spill. As a result 
of the emergency response action all of the visibly impacted soils have been removed and 
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are presently stored on a plastic liner inside one of the on-site buildings. The volume of 
impacted soil removed was approximately 500 yd.3• Both the impacted soil and the 
aboveground storage tank, which is presently empty, will require proper disposal. 

6.3.2 Waste Product/Ash and Miscellaneous Debris 

Approximately 5,000 lbs. of waste product/ash is present inside the on-site buildings. Based 
on the EP Toxicity Test results (see Section 4.0) this material is considered a characteristic 
hazardous waste. The miscellaneous debris on-site consist of building rubble, remains from 
the old smelter, and other general debris inside the buildings. The volume of the 
miscellaneous debris is estimated to be 1,500 yd.3• 

6.3.3 Impacted Soil 

Field investigation results indicate that both the surface and the sub-surface soil are 
impacted wjth heavy metals. Based on the IEP A established clean up objectives presented 
in Table 6-1, more than 425,000 cubic yards of impacted soil requires remediation. An 
estimate of the volume of soil to be remediated is shown in Table 6-2. The calculations for 
the soil volume estimate are provided in Appendix D. 

In estimating the volume of soil to be remediated, the required dimensions were taken from 
the surveyed map prepared as part of EBASCO's Additional Field Investigation, the report 
on the previous study conducted by ISWS/ISGS, and the sketch provided by the IEPA to 
delineate the site boundary for this FS. Based on the available information regarding metal 
concentrations in the soil, the site area to be remediated for each metal is estimated to be 
510,000 ft2 (1200 ft x 45ft). The depth to which remediation would be required depends 
upon the specific metal and its concentration in the soil. For example, the cadmium 
concentration is greater than 1 mg/kg at depths up to 17.5 ft below the surface, whereas 
lead concentration is greater than 100 mg/kg at the same depth. The depth to specific 
concentrations were taken from the concentration proftle charts presented in the 
ISWS/ISAS report. Sample calculations for estimated volumes of impacted soil are 
presented in Appendix D. 

In the ISWS/ISGS study, sub-surface soil samples were collected up to a depth of 
approximately 28 feet. The concentrations listed in Table 6-2 are the lowest concentrations 
for which sub-surface analytical data is currently available. These data cannot be reliably 
extrapolated to determine the depths at which the IEPA established RAOs can be achieved 
because the concentration profile charts in the ISWS/ISAS report do not indicate any 
specific correlation between depth and soil concentration. Consequently, the table 
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represents the minimum volume of soil requiring remediation to achieve the concentrations 
listed. 

6.3.4 Impacted Groundwater 

To estimate the volume of groundwater requiring remediation, the groundwater in contact 
with the soil was assumed to cover an area equivalent to that covered by the soil (i.e., 
510,000 ft2). Since contaminants were found at depths up to 28 feet, a total depth of 30 feet 
was assumed as the depth up to which groundwater in contact with the soil is expected to 
be impacted. Since the average depth to groundwater on-site is approximately 5 feet, the 
estimated thickness of the impacted water is 25 feet. The total volume occupied by 
impacted soil and associated groundwater would thus be a cube with dimensions of 1200 ft 
x 425 ft x 25 ft. Since the groundwater exists in the interconnected pores of the soil, only 
a portion of this cube volume can be attributed to the groundwater. A porosity of 15% was 
assumed for this calculation. In addition to this, some groundwater also exists as moisture 
in the soil above the water table. This is estimated to be 10% of the volume occupied by 
the soil. 

Thus, the estimated volume of impacted groundwater beneath the site to be remediated is 
15.7 X 1W gallons. Appendix D presents sample calculations to show how this volume was 
calculated. 

6.3.5 Farm Pond and Associated Sediment 

Field investigation results (Section 4.0) indicate that the both the surface water and 
. sediments of the "farm pond" contain elevated levels of heavy metals. These metals include 
aluminum, cadmium, copper, iron, lead, nickel, silver and zinc. EP Toxicity test were not 
conducted on the sediment samples collected, however, aluminum, iron and zinc were all 
detected at concentrations greater than 10,000 mg/kg. Lead was also detected at 
concentrations of greater than 2,000 mg/kg. Therefore, it is likely that the sediments will 
possess hazardous waste characteristics. 

To estimate the volume of impacted sediments requiring remediation, it was assumed that 
the metals were present in the top one foot of sediment. The "farm pond" is approximately 
one acre in size, therefore, an estimated 43,500 fe (1,600 yd3

) of impacted sediment is 
present on the bottom of the pond. 
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This section presents general response actions identified to meet the RAOs established for 
the Sandoval Zinc site. Table 6-3 summarizes the general response actions which were 
determined to be feasible for the site. 

These general response actions (GRAs) were selected from a comprehensive list of general 
response actions typically considered for the clean-up of hazardous waste sites. The 
selections were based on information obtained from the Additional Field Investigation, the 
ISWS/ISGS study (1982), and site specific conditions. The GRAs were developed from the 
October, 1988 Interim Final RI/FS Guidance Document (USEP A, 1988), The Superfund 
Innovative Technology Evaluation Program: Technology Profiles (USEP A, 1990), 
information obtained from the Alternative Treatment Technology Information Center 
(A TI1C), experience on other hazardous waste projects, knowledge of new technologies, and 
the professional judgment of the engineers performing the Feasibility Study. For example, 
remedial technologies designed to remove or destroy organic contaminants were not 
considered since heavy metals are the primary contaminants of concern at the site. 

6.5 Identification and Screenin& of Technolo&r 

The next step in the screening process is to identify the remedial technologies associated 
with each general response action applicable to the Sandoval Zinc site and then to 
determine their feasibility. Each applicable general response action contains many remedial 
technologies, and an exhaustive list could be developed from various USEP A guidance 
documents and handbooks, as well as from other feasibility studies. However, some of these 
technologies are obviously not applicable to this site. Therefore, this identification and 
screening process concentrates on just those technologies that are potentially applicable 
based upon the established criteria which includes remedial objectives, site specific 
conditions and the characteristics of the contaminants of concern,. This section introduces 
and discusses the technologies in each general response action and presents the results of 
the screening process. Remedial technologies are discussed in the order in which they are 
listed in Table 6-3. 

6.5.1 No Action 

The No Action response for the Sandoval Zinc site means that no remediation of impacted 
material, soil, groundwater or sediment will be designed or implemented. Under a No 
Action scenario; contaminants may leach from the soil and migrate to the groundwater. 
Contaminants may also migrate off-site through wind dispersion and surface water run off. 
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Although the No Action alternative does not remove or treat the sources of contamination, 
this general response action is required by the National Contingency Plan (NCP) and is 
retained to provide for a comparison of public health and environmental impacts later in 
the evaluation process. 

6.5.2 Institutional Controls 

Institutional Controls (ICs) represent minimal actions necessary to reduce the potential for 
exposure to the contaminants on-site. Two forms of ICs commonly used include: (1) 
Groundwater Monitoring and (2) Access restrictions. 

Groundwater monitoring involves sampling and laboratory analysis of groundwater samples 
collected from existing monitoring wells. Monitoring can be implemented to determine 
whether the groundwater quality is deteriorating through contaminant migration. 

Access restrictions are intended to reduce public access to the site and thus reduce the 
opportunity for exposure to contaminants. The IEP A has already implemented one form 
of access restrictions by installing a fence around the site and posting warning signs to 
restrict physical access to the site. Another form of restriction that could be imposed is 
deed restrictions. Deed restrictions may be used to restrict activities such as installation of 
drinking water wells, property resale and property use. 

ICs can be considered as a part of most remedial alternatives, and are therefore retained 
for further evaluation. 

6.5.3 Containment 

There are two containment technologies applicable to the Sandoval Zinc site: (1) Barrier 
Walls to contain movement of impacted groundwater and (2) capping to isolate impacted 
soils. 

6.5.3.1 Groundwater Containment Vertical Barriers 

Impermeable barriers can be used to divert groundwater flow around the site or to contain 
impacted groundwater from migrating off-site. Various methods and materials considered 
for use in constructing groundwater barriers include the following: 

• Slurry walls 

• Grout curtains 
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Slurry walls are the most common subsurface barriers utilized because they are a relatively 
effective method of reducing groundwater flow in unconsolidated soils. The slurry wall is 
constructed in a vertical trench that is excavated under a slurry. This slurry, which is usually 
a mixture of bentonite and water, acts essentially like a drilling fluid in that it hydraulically 
shores the trench wall to prevent high fluid losses into the surrounding soil. Slurry wall 
types are differentiated by the material used to backfill the slurry trench. Two of the most 
commonly used methods are: (1) soil-bentonite, and (2) cement-bentonite. 

Soil-bentonite slurry walls are the most commonly used subsurface barriers. They can be 
installed either upgradient of the site to divert groundwater flow, downgradient to partially 
contain contaminant plumes or around the circumference of the site for containment. Soil­
bentonite slurry walls are constructed by backfilling a vertical trench with a mixture of soil, 
bentonite and water. In the vertical perspective, the slurry wall may be either "keyed-in" or 
hanging. Keyed-in slurry walls are constructed in a trench which has been excavated into 
a low-permeability confining layer such as a clay deposit or bedrock. This layer will form 
the bottom of the contained site and a good key-in is essential to adequate containment. 
Hanging slurry walls, however, are not tied into a confining layer but extend·several feet into 
the water table to act as a barrier to floating contaminants (such as oils and fuels) or 
migrating gases. The use of hanging slurry walls in site remediation is therefore, relatively 
rare and most installations utilize keyed-in slurry walls. 

Soil-bentonite slurry walls have the lowest overall cost, the widest range of chemical 
compatibilities and the lowest permeabilities if properly constructed. At the same time, soil­
bentonite walls have the highest compressibility (least strength), require a large work area, 
and because the slurry and backfill are fluid, they are only applicable -to sites that can be 
graded to nearly level. 

Cement-bentonite slurry walls share many of the same characteristics with soil-bentonite 
slurry walls. The principal exception is that the excavated trench is filled with a slurry 
composed primarily of portland cement and bentonite. Only a small percentage of the 
natural soils are also used in this mixture. The cement-bentonite slurry is ·allowed to set, 
forming a low permeability containment barrier. Generally less area is required for 
construction when compared to soil-bentonite slurry walls, however, excavated soils from the 
trench must be disposed of properly. 
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Slurry wall construction requires a large work area which may not be available at the 
Sandoval Zinc site. In addition, they are not effective unless keyed into a continuous 
confining unit. The lithology at the Sandoval Zinc site does not provide these conditions. 
Therefore, this technology is not retained for further evaluation. 

Grout Curtains 

Grout curtains are subsurface barriers that are constructed by injecting grouting material, 
under pressure, into the ground around the area to be contained. The grouting material can 
consist of cement, cement-bentonite slurry, alkali silicates, or organic polymers. The design 
of a grout curtain depends on soil characteristics and the capatability of the grout with the 
contaminant(s) to be contained. 

Grout curtains are rarely applied to contaminated sites for many reasons. A major concern 
is that inadequate grout penetration could create gaps or discontinuities in the curtain. 
Grout curtains also require more monitoring than any other type of subsurface barrier and 
they may not be always capable of attaining very low permeabilities. Therefore, this 
technology is not retained for further consideration. 

Sheet Piling 

Sheet pilings are vertical metal or wood sheets driven into the ground to create a subsurface 
wall. They are usually installed to keep water out of a given construction area. The sheet 
piles are constructed by interlocking the sheet edges and driving them into the earth a short 
distance at a time until the desired depth is attained over the entire length of the wall. 
Sheet piling is used for temporary dewatering of an area, as well as for erosion protection, 
where the wall system would be subject to flowing surface water or wave action. The major 
parameters to be considered in the design of sheet piling are material permeability and the 
wall dimensions. 

Two of the largest drawbacks of sheet piling are corrosion and the deflection of the piles 
by rocks or buried debris. This damage would likely render the wall ineffective and it is 
very difficult to inspect the completed structure for such damage. Therefore, due to the 
unpredictability of the integrity of the wall as well as the unfavorable lithology of the site, 
this technology is not retained for further evaluation as a groundwater barrier. 

6.5.3.2 Capping 

Capping technologies are used primarily to minimize the potential for direct contact with 
contaminants and reduce off-site transport of exposed contaminants and waste materials. 
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Caps containing impermeable barriers also mJmmJze the percolation or infiltration of 
precipitation/surface waters. Capping can involve the installation of a compacted soil zone 
over the waste and can include an overlying layer of topsoil and vegetation cover. 

· Excavation and/ or regrading of some of the material in preparation for capping is also 
usually required. 

The selection of capping materials and cap design is influenced by the remedial objectives 
as well as specific factors such as local availability and cost of cover materials, properties 
of cover materials, the nature of the contaminants being covered, local climate and 
hydrogeology, and the projected future use of the site in question. For the Sandoval Zinc 
site, three capping methods were considered: (1) a non-RCRA cap, (2) a RCRA cap, and 
(3) vegetation. 

Non-RCRA Cap 

A non-RCRA cap contains just a single layer of low permeability material, and may be 
acceptable if there is reasonable assurance that the integrity of such a cap will be continually 
maintained. A drainage layer is usually not provided over the impermeable layer, so grading 
must be provided to convey water away from the cap. However, since the cap is made of 
material which is not impermeable surface water will still pass through. None the less, a 
non-RCRA cap will reduce, the risk of exposure through inhalation and ingestion of 
contaminants in the soil. Therefore, the non-RCRA cap is retained for further evaluation. · 

RCRA Cap 

A RCRA cap generally contains two layers of impermeable materials to provide assurance 
of a long service life, and generally consists of an overlying drainage layer and an underlying 
foundation layer. The low permeability layer may consist of some combination of clay, 
cement, concrete, asphalt, or synthetic membranes. The drainage layer is designed to 
convey water away from the layer of low permeability thereby limiting the hydraulic head 
on the material and the potential for infiltration. Drainage and foundation layers are 
usually constructed of sand, crushed stone or geotextile drainage fabrics. 

RCRA caps are normally used to cover highly contaminated areas in order to prevent 
infiltration and exposure to contaminants. This level of protection may be necessary to 
prevent the risk of exposure through inhalation, ingestion and direct contact. Therefore, this 
option is retained for further evaluation. 
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Vegetation is a special class of cap. Unlike a non-RCRA cap, no low permeability material 
(e.g., clay) is placed on top of the impacted soil. On the other hand, top soil is placed as 
a cover over impacted surface soil. A geotextile fabric may be installed to separate the 
clean topsoil cover and the impacted soil. The fabric may also provide an additional barrier 
through its resistance to excavation by small tools. Vegetation is induced by seeding the top 
soil with appropriate plant species. Deep rooted vegetation, which may threaten capping 
systems, should be avoided. Vegetation is aesthetically appealing and protects the soil cover 
from erosion. Vegetation is retained for further evaluation. 

6.5.4 Pump-and-Treat 

Groundwater pump-and-treat systems involve the extraction of impacted groundwater and 
treating the recovered groundwater above ground to remove the contaminants of concern. 
This technology involves the installation of extraction wells or collection trenches and 
submersible pumps to extract the groundwater for treatment. 

The feasibility of treating impacted groundwater is dependent on the contaminants present, 
their concentrations, the physical/ chemical properties of the contaminants in the 
groundwater, and the properties of water bearirig unit. 

Once the groundwater has been extracted there are several technologies available which can 
be utilized to treat the water. These treatment systems include both physical and chemical 
treatment. Physical treatment systems which were considered include filtration, reverse 
osmosis and ion exchange. The only chemical treatment technology evaluated was chemical 
precipitation. 

6.5.4.1 Physical Treatment 

Physical treatment removes contaminants from the groundwater through processes that 
involve only a physical change. Dissolved metal salts are the contaminants of concern in the 
groundwater at the Sandoval site. However, the dissolved metals can be adsorbed by 
suspended solids. These dissolved and suspended solid contaminants can be separated from 
groundwater to a different medium. The commonly used technologies to affect this transfer · 
are filtration, reverse osmosis and ion-exchange. 
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Filtration is a process of separating and removing suspended solids from a liquid by passing 
the liquid through a porous medium. The porous medium may be fibrous fabric (paper or 
cloth), a screen or a bed of granular material such as sand. Suspended solids are not of 
primary concern at the Sandoval Zinc Site. However, the dissolved metal salts can become 
associated with the suspended solids and pretreatment by filtration is appropriate to prevent 
plugging or overloading of downstream process equipment used for the removal of the metal 
salts. Filtration is effective for removing suspended solids before treatment or removing 
flocculants after metals precipitation, and is retained for further evaluation. 

Reverse Osmosis 

Osmosis is when a semi-permeable membrane separates two solutions of different dissolved 
solids concentrations, pure water will flow through the membrane into the concentrated 
solution, while ions (e.g. dissolved.salts) are retained behind the membrane. During reverse 
osmosis (RO), pressure is applied to the more concentrated solution to reverse the normal 
osmotic flow, and pure water is forced through the semi-permeable membrane into the less 
concentrated solution. The three most commonly used RO membrane materials are 
cellulose acetate, aromatic polyamides, and thin-film composites (consisting of a thin film 
of a salt-rejecting membrane on the surface of a porous support polymer). The membrane 
utilized for any particular system is dependent on temperature, pH and other limitations of 
the membrane material. 

RO is primarily used to separate water from a feed stream containing inorganic ions. The 
purity of the recovered water is relatively high, and the water is generally suitable for 
recycling. The maximum achievable concentration of salt in the reject stream is usually 
100,000 ml/L because of osmotic-pressure considerations. 

One of the major applications of RO has been in the electroplating industry. The 
separation process does not require a energy intensive phase change and a result operating 
costs associated with energy consumption are relatively low. Capital costs are also relatively 
low and a low degree of operational skill is required. Therefore, this remedial technology 
has been retained for further evaluation. 

Ion Exchange 

Ion exchange is a separation process in which selected pollutant ions in a wastewater are 
removed by the ion exchange material (resin), while non-pollutant ions are exchanged from 
the resin into the wastewater. In practice, ion exchange "beads" are placed in a column and 

6-11 



Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

water to be treated is passed through the bed. Most ion exchange resins are high-molecular­
weight organic polymers onto which chemical functional groups (e.g., sulfonic, carboxylic, 
phenolic, amines) are added. 

The degree of the reaction (exchange) will depend on the resin's selectivity and as a 
separation technology, ion exchange does not eliminate the ionic contaminants but 
concentrates them. The saturated resin must be replaced or regenerated after each loading 
cycle. 

Ion exchange has been used for the purification of public water supplies and 
demineralization (softening of water in process industries, particularly in metal plating and 
electronics manufacturing. Ion exchange systems are available and can be easily fabricated 
for specific applications and thus have been retained for further evaluation. 

6.5.4.2 Chemical Treatment 

Chemical treatment involves removing contaminants from the groundwater through chemical 
change. The most commonly available technology applicable for chemical treatment of 
groundwater impacted with heavy metals like at the Sandoval Zinc site is chemical 
precipitation. 

Chemical Precipitation 

Precipitation is a process by which the chemical equilibrium of a waste stream is altered to 
reduce the solubility of heavy metals. The metals precipitate out as a solid phase and are 
taken out of the solution by solids removal processes. Metals precipitation is not one unit 
operation but a combination of coagulation, flocculation, sedimentation, and filtration 
processes. 

The solubility of most heavy metals is reduced by raising the pH of a wastewater from 8 to 
12. Although removal of metals as sulfides or carbonates is effective, hydroxide 
precipitation is, by far, the most common precipitation process. In hydroxide precipitation, 
hydrated lime (i.e., calcium hydroxide) or caustic (i.e., sodium hydroxide) is added for pH 
adjustment. Both alkalies have advantages and disadvantages. The cost of lime is· less than 
that of caustic; however, the feed equipment is more expensive. Lime also produces a drier 
cake than caustic but sludge production is greater. 

Adjustment of pH alone, however, is usually insufficient for removal of the insoluble metal 
hydroxide solids. Coagulants, such as iron salts, alum, and polymers, must be added to 
neutralize charges and to cause the formation of metal precipitates. Chemical coagulants 
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are added in a rapid mix tank and are followed by gentle mixing or "flocculation," which 
causes interparticle bridging and formation of floes which settle rapidly. The settled solids 
can then be removed by a clarifier, a filter, or both. 

Metal hydroxide precipitation is an established wastewater treatment process for the 
electroplating and metal finishing industries. Therefore, this technology was retained for 
further evaluation. 

6.5.5 Soil Treatment 

Soil treatment technologies applicable to the Sandoval Zinc site are divided into two 
categories: (1) physical/chemical treatment technologies and (2) solidification/ stabilization 
technologies. 

6.5.5.1 Physical/Chemical Treatment 

Physical treatment consists of transferring the contaminants in the soil to another media. 
Chemical treatment removes the contaminant through chemical reaction. A brief discussion 
of applicable technologies follows. 

Chemical Extraction 

This process involves mixing the impacted soil with a concentrated acid or chelating 
solution. The acid solution extracts the metals from the soil which is then thoroughly 
washed and returned to its original location. However, a large portion of the impacted soil 
at the site consists of slag from the smelting process. The slag contains high levels of heavy 
metals and is not easily reduced in size to expose the metals for extraction. Therefore, 
chemical extraction is not retained for further consideration. 

Electro-Reclamation 

Electro-reclamation removes heavy metals and other contaminants from soil and 
groundwater based on the phenomena of electro-osmosis, electrophoresis and electrolysis. 
These phenomena occur when the soil is electrically charged with direct current (DC) by 
means of one or several electrode arrays. Metal contaminants migrate to the negatively 
charged electrodes and are captured in the chemical solution circulating in the electrode. 
The solution is then treated in a water treatment facility. 

Electro-reclamation can be applied both in-situ and on excavated soil. Bench scale 
experiments on fme sand (Geokinetics, 1989) have shown that cadmium concentrations can 
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be reduced from 319 mg/kg to less than 1 mg/kg (> 99% removal). Lead concentrations 
were reduced from 638 to 238 mg/kg (65% removal). Other soil types were also tested, but 
had lower removal efficiencies. Field experiments were conducted on a sediment layer (70 
m long x 3 m wide x 20-50 em deep) impacted with lead and copper. Lead removal 
efficiencies varied from 50-94 percent with an average of 74 percent. Other field 
experiments have also been conducted to evaluate removal of metals such as zinc, cadmium, 
and arsenic with varying degrees of success. 

The subsurface soils at the Sandoval site consist of silt clays which do not have a high 
hydraulic conductivity. As a result, recover efficiencies are not expected to be high and this 
remedial technology was not retained for further evaluation. 

Soil Washing 

The soil washing process extracts contaminants from soil using water or an aqueous solution 
composed of chelating agents, surfactants, acids, or bases. The primary function of soil 
washing is a physical volumetric reduction of fine silt, clay, and colloidal fractions from 
cleanable coarse sand and gravel components, since the fine silts and clay typically absorb 
organic contaminants. 

This ·technology has been demonstrated to remove halogenated and nonhalogenated 
hydrocarbons and heavy metals such as lead, cadmium, chromium copper, and nickel. This 
technology is most effective for soil with a high proportion of sand having a majority of soil 
particles greater than 200 mesh, or 0.074 mm (USEPA, 1988b). The subsurface soils at the 
Sandoval site consist primarily of slag. As a result the metals associated with the impacted 
soil have not been adsorbed but are inherent to the soil. Therefore, although soil washing 
will remove some of the metals in the soil it will not effectively remediate the soil. This 
technology was therefore not retained for further evaluation. 

6.5 .5 .2 Solidification/Stabilization 

Two types of solidification/stabilization technologies are applicable to the Sandoval Zinc 
site: (1) On-site stabilization and (2) In-situ stabilization. 

On-Site Stabilization/Solidification 

On-site stabilization methods are designed to immobilize contaminants, minimize leaching 
potential reduce toxicity of the waste, and improve the waste handling characteristics. 
Impacted material is excavated and mixed with treatment reagents that combine physically 
and/or chemically with impacted materials to decrease the mobility of the waste 
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constituents. The end product may be a standing monolithic solid or may have a crumbly, 
soil-like consistency, depending upon the amount and type of reagent added. After the 
contaminant is immobilized, the material can be consolidated to a common area of the site 
and placed in on-site containment or an engineered landfill. 

On-site stabilization has demonstrated full-scale success as a remediation technology for the 
treatment of wastes such as the soils and sediment at the Sandoval Zinc site which contain 
heavy metals. This technology, however, will increase the volume of soil or sediment 
substantially and is therefore, only retained for further consideration to remediate the 
impacted sediments of the farm pond. 

In-Situ Stabilization/Solidification 

As with on-site stabilization, in-situ stabilization methods are designed to immobilize 
contaminants, minimize leaching potential, and reduce toxicity of the waste. With in-situ 
stabilization, impacted soil is left in-place and mixed with treatment reagents to decrease 
the mobility of the waste constitue.nts. Stabilization continues throughout the impacted area 
until all contaminants of concern are immobilized. 

In-situ stabilization can effectively immobilize wastes containing heavy metals, PCBs, and 
P AHs with high molecular weight. The amount and type of reagent used is determined by 
the contaminants of concern, their respective concentrations, and the soil type. The use of 
in-situ stabilization would require several formulation of reagent. However, greater process 
control is afforded by excavating the material. 

Soil mixing is divided into two categories, Shallow Soil Mixing (SSM) and Deep Soil Mixing 
(DSM). The SSM system uses a crane mounted mixing system. The mixing auger, three 
feet to 12 feet (1.0 meter to 3.7 meters) in diameter, is driven by a high torque turntable. 
The mixing head can be enclosed in a bottom-opened cylinder to allow for closed system 
mixing of the waste and treatment chemicals. 

Treatment chemicals are transferred pneumatically for dry chemicals or pumped in cases 
where fluid chemicals would be used. Treatment chemicals are precisely weighed (for dry 
systems), or volumetrically measured (for fluid systems), to allow the correct proportions to 
be mixed with the untreated waste sludge or soil. The bottom-opened cylinder is lowered 
into the waste and the mixing blades are started while chemicals are introduced. The blades 
mix through the total depth of the waste in an up-and-down motion. A negative pressure 
is kept on the head space of the bottom-opened cylinder to pull any vapors or dust to the 
vapor treatment system. Once a cylinder of waste is mixed, the blades are retracted inside 
the bottom-opened cylinder and the cylinder is removed. The cylinder is then placed 
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adjacent, and overlapping, to the previous cylinder and the process is repeated until all 
waste has been treated. 

In-situ stabilization is potentially applicable to the Sandoval Zinc site, and is retained for 
further consideration. 

6.5.5.3 Metals Recovery 

Metals recovery from soil appears to be feasible because high levels of zinc (10,000 -
100,000 mg/kg), lead (1,000- 10,000 mg/kg) and copper(> 1,000 mg/kg) exist in the sub­
surface soils. Metals can be recovered by using thermal processes or by heap leaching. 

Thermal Processes 

Thermal processes involve concentrating the metals concentration in the soil by 
physical/ chemical treatment-processes (e.g., air floatation, chemical extraction, chemical 
oxidation) and then recovering the metals in high temperature furnaces. Recovery of metals 
from smelter residues is a common practice in the mining industry. Therefore, thermal 
processes are retained for further evaluation. 

Heap Leaching 

Heap leaching is a commonly used technique in the mining industry to recover valuable 
metals from slag or tailings generated from primary processing of ores. The technique 
consists of constJ;Ucting a heap of the material and leaching the heap with a suitable reagent. 
The heap is constructed on an impervious pad with a system for collecting the leachate, 
which is then recycled. The commonly used reagents which may be appropriate for 
removing zinc and copper from the tailings/slag are sulfuric acid, potassium cyanide, and 
nascent chlorine solution. 

Heap leaching has the following advantages: 

• The technique is demonstrated and proven effective for recovering valuable metals 
like gold and silver. 

The system is simple to construct and install. 

• The cost of processing is typically low compared to other above ground thermal 
recovery processes. 
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Although the characteristics of the soil are likely to be different from slag or tailings, heap 
leaching is potentially applicable and retained for further evaluation. 

6.5.6 Excavation and Removal 

Removal technologies refer to methods used to excavate and handle soils, sediments, wastes 
and solid materials. Excavation technologies provide no treatment of the wastes, but may 
be used prior to treatment or disposal technologies to facilitate removal of wastes from 
designated areas. Dewatering and supernant treatment may also be conducted in conjunction 
with removal technologies. 

6.5.6.1 Soil Removal 

Excavation of contaminated soils or subsurface wastes may be performed by a variety of 
technologies. Typical equipment includes draglines, loaders, dozers, pans (scrapers), 
backhoes and trucks. Excavated material can be loaded onto trucks, and hauled off-site to 
an approved treatment and disposal facility or it can be treated and disposed of on-site. 

This technology was therefore retained for removal of soil and sediment. 

6.5.7 Disposal 

Disposal options available for the Sandoval Zinc site vary according to the media. Options 
for each of the media present at the site are discussed in the following paragraphs. 

6.5.7.1 Groundwater Discharge 

Three process options are considered for groundwater discharge: (1) off-site discharge to 
a Publicly Owned Treatment Work (POTW) for treatment, (2) recharge after treatment and 
(3) discharge after treatment to surface water body. 

OfT-Site Discharge 

Off-site disposal involves extracting the impacted groundwater and transporting it off-site 
to a POTW for treatment. The City of Centralia, which supplies water for Sandoval, has 
a wastewater treatment plant. This plant is located close to the Sandoval· Zinc site. 
However, since the sludge generated by the POTW is used for land applications, the POTW 
is not permitted to accept groundwater impacted with metals. Therefore, this option is not 
retained for further evaluation. 
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Subsurface distribution systems, such as french drains, infiltration galleries or injection wells, 
are means of returning the treated groundwater at shallow depths. If the water is 
discharged within the site boundaries it could flush out more contaminants, thereby 
increasing treatment requirements, or dilute the existing impacted water, thereby reducing 
the efficiency of the treatment system. Therefore, this option is eliminated from further 
consideration. 

Discharge to Surface Water Body 

If the treated groundwater complies with lllinois State water quality standards, it could be 
discharged to the off-site drainage ditch. Therefore, this discharge option is retained for 
further evaluation. 

6.5.7.2 Sludge Disposal 

Groundwater treatment will generate sludge containing the metals removed from impacted 
groundwater. The quantity of sludge generated is expected to be small and can be 
discharged off-site to a permitted RCRA facility. This option is retained for further 
consideration. 

6.5.7.3 Excavation and Land Disposal 

Excavation and land disposal is an established and commonly used technology for impacted 
soils. Two types of available disposal options are: (1) off-site secure landflll and (2) on-site 
secure landfill. 

OfT-Site Secure Landfill 

In this option, impacted soil would be excavated and transported to an off-site RCRA 
disposal facility. This option is retained for further evaluation. 

On-Site Secure Landfill 

In this option, a secure landfill is constructed on-site for the disposal of impacted soil. This 
option is impractical because the site does not have sufficient area to construct a secure 
landfill. In addition, the shallow depths to groundwater (average 5 ft.) on-site further limits 
the area available for disposal. Therefore, on-site landfill disposal is not retained for further 
consideration. 
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treatment system. Numerous structures or mechanical systems can be used to collect and 
transfer impacted groundwater for treatment 

6.5.8.1 Subsurface Drainage Systems 

Although many different types of subsurface drainage systems are commonly used, only one 
system is described due to its applicability based on the limited area and site specific 
conditions. 

French Drain/Interceptor 

French drains and interceptor trenches are two subsurface drainage systems that cap be used 
to collect or intercept and convey groundwater by gravity flow. They can serve the same 
general purpose as a groundwater pumping system as they create a continuous zone of 
influence in which groundwater flows toward the drains. 

The drains are typically placed perpendicular to the direction of the groundwater flow to 
intercept the contaminant plume or prevent groundwater movement into a impacted area. 
The drains are constructed by excavating a trench, lining the trench with fllter fabric, placing 
a gravel bed with perforated drain pipe, and backfilling the trench with gravel. Intercepted 
groundwater flows along the trench or french drain to a collection point or sump for 
discharge and/ or treatment and discharge. · 

Construction of a french drain or interceptor trench would involve the excavation and 
disposal of potentially impacted soils. The presence of a shallow water table and fine sands 
would require that excavation be sheeted and braced to limit excavation quantities and 
assure stability of existing structures. This process option is retained for further evaluation. 

6.5.8.2 Diversion 

Diversion involves regrading the site to reduce surface water infiltration and control erosion. 
Grading is often performed as part of surface scaling activities. Grading is therefore 
retained for further evaluation. 
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6.6 Disposal of Waste Product/Ash and Debris 

Sandoval Zinc 
FS Report 
Draft 
April 7, 1993 

Off-site disposal to a secure RCRA landftll is a viable technology for disposing the waste 
product/ash and debris stored on-site. This technology is retained for further evaluation. 

6. 7 Disposal of Above Ground Stora&e Tank 

The above ground storage tank which contained fuel oil requires proper closure. This action 
consists of decontaminating the tank and associated piping, properly disposing of rinse 
waters generated during the decontamination, and appropriately disposing of the tank off­
site. Two options are available for disposal: (1) the tank can be removed and disposed off­
site and (2) the tank can be abandoned in place. Both are potentially applicable to the site. 
Disposal is retained for further evaluation. 

6.8 Summaa of Initial Screenin& 

Figure 6-2 summarizes the initial screening of technologies applicable to the Sandoval Zinc 
site. Technologies which are eliminated from further consideration are shaded. 
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Aasponse Ac1ions Remedial Technologies Proc ... Opllona 

I No~ H ~ HN«~1 

I l Polentielly applicable -.:hnology 

I I Elimlnaled lrom fur1her conald•alion 

Nona 

AGURE6-2 

NITIAL SCREENNG OF TECHNOLOGES AND PROCESS OPTlONS 

FOR SANDOVAL ZNC SITE. ILLNOIS 

Descriptions 

~---------~ouncl-11or/SWiac:e Wa11or I 

Per1arm- quality-~ ID monllcr can1aminant 

m9a1icn and- tuue ....,;,onrnW11allmpac1. 

lnslillM deed reelrictions for ground-ter .... 

Berrier -n formed by excavating a lrench ,.ing a 

~ ar allw type of materieiiD aupport the aidee. 

Axed VW1Ical aubau1ece l:llrrl• formed by lnJec*lg a 

liquid al&ny or emulsion unci.- preeaue lniD a rock 

or IOil maaa. 

Ver1ical barrl•a formed by piles which are imorlocked 

at their ec1ve and dr'-t iniD place. 

Proc ... of separating and removing expanded solids from 

• liquid by puaing the liquid tiYough a porous medium. 

The application of sufficient preeau-a ID -com• oemotic 

preeau-a and force the nat flow of -• tiYough the membr­

-d the d~uta phase. Used ID ~aw lnarganic/organic 

c"'*"'inanta. 

A prOCMS whweby icc-. •• remOIIed from the aqueous phue by 

being u.changed wilh ralatiwly non-t.zardoualons held 

by the ion exct.ng• material. 
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Sa8Wiing Commants 

Required for conald•alion by the Na!icnal 

Contingency Plan. 

"'*ntially applicable. 

Polentlally applicable. 

Not effooc- unleea keyed lniD a continuoua 

low.- confining unit. Site lithology Ia not 

amenable 1o a11ac1111oe comu--ot 

May not be .tlectiw In c<lr1111ft>g contminants 

dua ID IOil gradalion and difficulty in a"Mting 

1ha grout Cl61aln. 

Elimlnaled beawae wchnology doee not 

.... .... ~-1. 

PoWnlially applicable as pralrMtment ot peat lreatment 

lor the removal of suspended salida. 

Potentially applicable. 

Potentially applicable. 
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~~~~=~ H-Pt=n] 

c=· I 
I I 

Polllnlially applicable 118chnology 

Eliminated .. om fu1Mr eonsidera11on 

AGURE&-2 

1'1111A1. SCREENI'IG OF TECHNOLOGES AND PROCESS OPTIONS 

FOR SANDOVAL ZI'IC SITE. ILLI'IOIS 

Deaalptiorw 

[ Ground-t.r/Sq"face Wat.r (continued) .] 

Ptoeesa In whlc:h a diuolved eonlllmlnant Ia •anetorrnec:t Into 

en lneoluable eolld end lwn removed by ftoc:culaticn 

end sadlmenlatian. The •anatorma11on to aollda takea 

place at ap..:ilic pH rangea tor diffwent eantamlnanta end 

req'*•• pH adjuatment ol the solution. 

Oil~ olextracllod ar •eatedgr~ to POlW. 

Rolnjec:t .. ..-.~ ground- .. lng lnjec:ticn wells end punpa 

or lnlhation •enc:hea. 

Diaclwge lrealed ground-'- direc:lly to drainage dilch 

--body. 
Dis~ ollreatment -t••eamaend sludgeaatan off-aile 

ACRA faelity. 

A ayatem to eoll..:t or Intercept end CO/f'N8Y ground-'-. 

D'-slon ayalema ere deeigned to eoll..:t atcrm-• end 

prevwtt It tom running onto the aile. Grading Is par1crrned 

to reduce a..tace -• Infiltration end eont-ol erosion. 
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ScrMning Comments 

Potanlially applicable. 

Water must t.lraneparled to the POlW located In 

C.. alia. The POlW appliM the generated sludge tor 

land appllcatlona end is ther...,e not willing ID accept 

metal-bewlng gr~w without prior lreatment. 

Biminaled beoauM llmiled aililerea rNY poee probl«na 

with impl-*bllly. Mounding of ground-• may oee..-. 

Potentially appllc:able. 

Potantially applicable. 

Potentially applicable. 

Polentially appllc:able 
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Res pooH Ac11ona Remedial T eehnologles Procaaa Opllons 

I -, Potantially applicable technology 

r==--, Eliminated from lu1ha consideration 

AGURE6-2 

tlrTlAL SCREENtiG OF TECHNOLOGIES AND PROCESS OPTIONS 

FOR SANDOVAL ZNC SITE, IUNOIS 

Oesaip11cns 

c-- ~ 1 

P.torm -• qualily anelv- to manila contaminant 

migration and assesa fullselll'lllironmenlallmpecl 

lnaliluta deed realrk:11ona lor impectlld property. 

Fence lmpac18d property to leolalle lhe aile and 

minimize direct ccnlacl wt1h contaminated soils. 

A cap hi c:onbms to RCRA design criWill cowrlng h 

soil to ellmlnalio infillration ol P'ecipilalian and ellminalla 

rlalc ol expoe .. e hough Wlalalion and lngeetlon. 

A cap allow permeabijily material to minimize lnfillration 

ol precipitalion and reduce risk ol ~ ... hough 

Inhalation and lngeelion. 

Consists of c:ov.ing h slriloce ooi1 on all. wi1h soil 

and seeding the soil lor ...gelation to minimize erosion and 

reduce risk ol expos .. • hough inhalation or lngeation. 
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Sa..Vng Com~ 

Pollentially applicable. 

Polenlielly applicable 

This has already been inplernented by I EPA. 

Polllnllelly applicable 

Polenlielly applicable. 

Potanlially applicable. 
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A.sponse Ac1ionll Remedial T ec:lvlologles Proceaa Options 

I I 
I I 

On-Stt. 

Slllbillmtiool 

Solidlflca lion 

P-rrtilllly applicable technology 

In-Situ 

Slllbilimtiool 

Solidification 

Eliminated from 1\111.- conaidwetioo 

AGURE6-2 

INITlAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

FOR SANDOVAL ZINC SITE, ILLNOIS 

Descriptions 

~- -- Soil (continued) I 

Treatment of ooil wilh acid aolutione 1D rii!IIOW melala. 

An elec:~ic c:urrerrtls pasaed through elec:~odeos imbedded 

In !he IIOil. Metal contaminants migra18 10 negatively 

cterged elec:todes and ere capued in !he chemical solution 

cwculating in !he elac1rode. 

Aarnolles contamlnenta tom 80ila using a M8hing ftuld wllh 

appropriate """"""""· acids or chalating agan11. 

Exca11818d Impacted soi1a are mbuod wilh o1abllzing 

agarrta and - additiws abova gound 10 p-oducea 

alllb~ized rnalllrial. The proc ... inmobillzas contaminantll 

within a solid matrix. 

Slllbllizlng agerrta ere put di"ectly irrto !he Impacted 

IIOil through arolating ahaft. AI !he and ot !he treatmarrt, 

a trea18d block olooilremalns. lha procaas immobilizes 

COI1taminants within a ldld rretrix. 

Soila excawted and ~mally ; eat.d 1D racowr melal. 

Soil• axca""18d and leeched with auilabla raagarrta 

in heepa on impeMouo pado. 
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SaMning Comments 

Not feesible because the majority ol impacted soil consists 

of slag which contains high leYela of heavy melals. The slag 

Is also not easily reduced in size 10 expose the metals for axlraction. 

lha aubsllfaca IlOilo at the site consist of a~ty clays which do not 

have a high hydraulic conduclivity. A:s a rasult.racOIIW etlicienc:ies 

.... not expected 1D be high. 

Suballface IIOila at !he att. consist prirrwily of slag. A:s a result 

!he metala ~ wilh the impacted soil have not bean 

adsorbed but era W..arrt. Therefore, aoil_,.hijng would not 

be effective .. 

lmp-actical bacauae !he IIOiume ot reaultarrt product will 

increase subatlntilllly 01111< !he origi....UIIOiume. 

PotAnlially applicable. 

PoiiOntially applicable. 

PotentiaUy applicable. 
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AGURE&-2 

tiiTIAL SCREENtiG OF TECHNOl.OGES AND PROCESS OPTIONS 

FOR SANDOVAL ZtiC SITE. ILLtiOIS 

D•alptiona 

[ --- --·- w ••• Product I Aeh ~ o.--;- I 

&caWited lmpected aoilda d~ olin an oll-w 

ACRA landfill. 

ExcaWited lmpected eoilda disposed o1 in an ott-o 
ACRAiandM. 

~_f. &ca. ,;.~an & H Ofi-SI.. Secu-al ExcaWitalhe -• product I uh and debris siDred 
I n Diapollll . l..endfill on-alta and dlapoMina MC\.ra ACRAiandlll. 

I ~ P<*ntlally applicable lechnology 

I I Eliminated flam U1her eonsi<*allon 

I - ~c;-.,.;;; s;;;;..g; T~~ - -- J 

Empty r1111dual fuel ail tom lhe lank and dlapoee 

oll-wapproprlalety. Aoomowo.,. lank and 

diapoee oil-aile afW decontarninaUon. 

Empty r1111duel fual oil tom lhe 1llnk and dlspoee 

oil-s-appropriately. Abandon lhe 1llnk in 

place. 
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Sa.-.lng Comments 

l'ololntially applicable. 

Not applicable. Site is too arrallto cons•uct a ...,,.. 

landfill 

Pol8ntially applicable. 

Potlanlially applicable. 

Potentially applicable. 
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On-Site 

Slllbilizalion/ 

Solidification 

In-Situ 

Stabllizalionl 

Solidification 

AGURE6-2 

NITIAl SCREENNG OF TECHNOLOGIES AND PROCESS OPllONS 

FOR SANDOVAL ZNC SITE. lu.NOIS 

D..aiptiona 

I - Farm Pond Sediments - - - H - I 

Excava-.1 irnpecled sediments are mixed wi1h alablliling 

agento and olher add~iwa above ground lo produce a 

otabllized mallrial. lhe proc•s lmmobliZ• cantaminanto 

within a solid ma\'lx. 

Stabilizing -nts are put direc11y Into the irnpec-.t 

sediment using baclchoea. AI the end allhe \'Mtmant. 

a ••tee~ block al sedimanla ramalns. The proc.aa lmmobl;z. 

contamlnanll within a oalld ma\'lx. 

I DiapoMI H ex::: & t-e=-~~e I Excava• the mpacllld sedm.nts and diapoea in. aecwe FCRA landfil 

c-- 1 Potentially appllcableliiChnology 

I l 8iminated tom~ conalderation 
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Saeening Comments 

Pollrltially applicable. 

l'l*nlially applicable. 

Pot8nlially applicable. 
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RMponse Actions Remedial Technologiea Process Options 

I NoAction H- N~ H~~~·~ 

Monilaing 

G'""""-llr 

FIM\'ic:tions 

Physical 

Tr .. tment 

Chemical 

Tr .. tment 

c=J Retained as a repreaentaU.. proceaa option 

c:=J Ellminaled tom lutt-~ation 

AGURE6-3 

EVALUATION OF PROCESS OPTIONS 

Sandoval Zinc su.. llllnoil 

Eflac~ 

Ooea not~ Remedial Action Objec1111ea (AAO'a). 

r GRatniiiwi:-TeR - - - -- - - ~ 

Ooea not achiew Remedial Action Ob~ (AAO'a) 

May be uaed in conjunction with other process options. 

eo.. not actu.ve AAO'a. May be UMd In conjunclion with 

olhw process oplione. 

EflacW. tor rernowl olsuapended aolida. Should be coupled with 

another leclv>Oiogy tor P'• 01 poet tr•lment proceaa. 

EflaciNe tor rernowl of ..-Ia. Ptoc ... a•• brine­

a\' earn 1hal may req'-*• ••tm.~t. 

En.ctive tor rernowl of rnelllla. RMins •• aelectiw and may 

r...,.,... multiple lol>a. Ptoc ... cr•IM reg-ate aoluliona 

!hal require tr•tment 

EileeN and reliable tor rnelllla ramo~~~~ I. Ptoc ... c:r•""' sludge 

!hat req'-*•• aludge diapoal. 

• G-ound-llr 

Low Coat • 0 .20- $1 .00/1000 gallon 

-·•Coet• $1-$5(10009"11on 

High Coet • $511000 gallon 

• Soil 

lmplemenlabHily 

Not applicable. 

Readily lmpl....-t>la. 

May be acceplable 1o local public or g..-nmant 

aoenciea with additional proc ... options. 

Rlladiy Imp~. 

Readily lm~ t..ge ""'"'""'of brine 

-••eq'-*ing ·-... ~allr:l. 

Readily inplemenlllble. eonc-aled apent 

r~ate is ct•ted which requirear•tment. 

Readily implementable. 

lDw COlli - $20-$70/cublc yard 

Moc*a"' Coet • S70-S120/cubic .,..,d 

High Coet • > $120/cublc yard 
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• Cost 

None 

Low 

Nominal 

lDw 

High 

High 

Low to 

Moderate 
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RoMponse Actions Remedial Technologies Proceu Options 

~ound ... w 
Olsclwge 

Sludge Dlspo.l 

Subslri>ce 

D-alnege Syalema 

Ow sian 

·c:=J ~ aa a reprea-tiw proc•• option 

c:=J 8irnirated tom fuott- conaid•ation 

RGURE 6-3 (Conlinued) 

EVAWATION OF PROCESS Of>TIQIS 

Sandollal Zinc Sile, Illinois 

Ellecw.-. 

I . GROUNDWATER (.;,;;;;d)~ I 

Eflec:tive in dlsclarge of lreat8d ground ... w. 

Eftec1hle in diapoaal or•aatment -••earn• 
andaludg• 

Eftec1hle in inWcepting contaminated gr~w 

lcr treatment. 

Etlec1Ne in reducing auface ... .., lnlil\"atlon end 

c:onlrolllniJ •oalon. 

·~ound ... w 
low Coat - 0.20 - $1.00/1000 gallon 

Moc*ele Cost• $1-$511000 gallon 

High Cost • $511000 gallon 

lmplllmenlabUity 

lmplemenlable. 

lmplllmanlable. 

lmplemenlable. 

lmplornenlable. 

~ 

low cooot • $20-$70/cubic yard 

ModeraleCoat• $70-$120/cubie )Wd 

HighCoat• >$120/cubicy.rd 

~ . -
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• Cos\ 

Low 

High 

Low 

Low 
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Reeporwe Actiona Remedial Teelv>ologiea Ploceu Opllona 

Monilcrlng 

Ace ... 

RM•icllona 

Capping 

c:::=:J Aelairwd as a ••FI'•-IIve proceea option 

c:::=:J Biminatlld tom futt. considetatlon 

FIGURE 6-3 (Continued) 

EVALUATION OF PROCESS OPTIONS 

Sandollal Zinc Site, 1\Unaia 

~ 

[--- - - - -- SOIL --- --~ 

Ooee not achieve RAO'a. May be used In conjunction 

with Olhet proceaa oplions. 

Ooee not achlew RAO'a. May be used In conjunction 

with Olhet proc ... opllona. 

Elhoc:1lw In eliminating rlak of expoal.l'e to conlllminanlll 

I!Ycugh Wlalatlon, lng•tion and dlrac1 contact. 

En.cliYe In reducing rlak of expoal.l'e to contaminanlll 

through Inhalation, lng..tlon and dAct conlllct. 

Malmolnlng imlogrity of cap"ia a concarn. 

En.cliYe In pr-*'IJ aoiletoalon. Can be used in 

conjunction wtlh capping to eliminate axpoal.l'alo 

canaminanlls through inhalation. lngaotion and dirac1 

conllu:t 

·~ound-W 

Low Coal ~ 0.2.0 - $1 .00/1000 gallon 

Mod••• Coat - S1-$:i11 000 gallon 

High Coal- W1000 gallon 

~ 

lmplamenlabiiity 

Readily irnplamantabla. 

May ba accaptablaiD local, public or 

ga..nment 

lmp'-mantabla. 

lmp'-mantabla. 

implamantabla. 

low coal - $2.0-$70/cubic yerd 

Mod~ttate Coal - $70-$12.0/cubic )'Ill d 

High Coal - > S 12.0/cubic yard 
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• Cost 

Low 

Nominal 

Moderate 

Low 

Low 
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Phyaciai/Cholmical 

Tr ... tment 

Solldlllcallool 

S1ablllza1ion 

Melals 

~ 

t=J RetainMI aa a repe-liw poe ... opticn 

C::=J 8imlrell8d tom fl.rtlw conslderaticn 

AGURE6-3~ 

EVALUATION OF PROCESS OPTIONS 

Sendollal Zinc Sill8, Ullnoi8 

E~ 

! - - - - - - -soo.-~.----- . -~ 

A....able pertarmanc:e data hdicat.a lhat RAO'a 

are nat likely"' be achlellwd. 

Cadmium & lead cone-aliena carv10t be reduced 

ID •tabllshed cleanup alllndarda. 

BeMd ·en awllllble pertarmance deta. RAO'a are nat 

likely to be achieved. Exwlalw hatabillly slUdlea 

requred to detlrmlne optimum poceaa condllions. 

eH.cllve tar tcng-tarm lmmobillzallan allhe 

aile In a-genic comtaminanta. 

Proe- ellectlve Ia one melal """Y nat be en.c1iw 

tar another melol to !he..,. degr ... RAOa are not 

likely ID be ac:hielled tar aU me181a al concern. 

Reagent~ tar one metal may nat be llllecM 

lor another. Effective only d .. ing sum~ period a. 

RAOa nat likely to be ac~. 

• Q-ound-• 

Low Coal a 0.2.0 - $1 .00/1000 gallon 

Madera .. Coat• $1-$511000 gellcn 

High Coat • $511000 gallon 

.:_§9! 

lmplomentability 

Haa nat bawl demonalrat.d en a com,..cilll 

acale. 

The 118Chnology ia under d.velopment and Is not 

comm«cially &Wiilable. 

I.Jick al poe ... ccn1rcl due to -iations 

In aoil compoeltion Ia a concern. 

I~ 

Process eflic:ienc:ies haw to be 18Stad ID 

ens .. • pertarmance. Large vclumea of soil 

raquire ·....,..,.ticn and 1ransportation ott-sille. 

Thear ... available en-sile iiiiDO •"""'I to 

implement thia altornaliw. 

Low coat • $2.0-$70/cubic yard 

Moderate Coat • $70-$12.0/Cubic yard 

High Coat a >$12.0/cubic yard 
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•cost 

High 

High 

l.ow to 

Modera18 

l.ow to 

Mod«al8 

High 

High 
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FleaponM Actiona Remedial Tec:hnolog!M Proceu Opliona 

I Dis~ ~=::.:J1~itiJ 

I Dis~ H Exca•tion tr:::~~ 1 

Dec:cntamination 

and Dis~ 

c=J Rittained u a raj:fesentalive procaas option 

C:=J 8iminaliod tom tu·11- conaichralion 

AGURE 6-3 (Continued) 

EVALUATION OF PROCESS OPTIONS 

s..nc~ooo~~~ Zinc sa. llinaia 

~ 

I SOIL (continued) I 

Eftectlve, but raquiraolong-•m management. 

c=· ¥t ... t;.~/~;;dl.-o;b.b. ___ -·--] 

Eftectlve In eliminating rlak "' axpoe~· lhrough 

source ratnOIIBI. 

I - ~Q:~s;;.u-;'T-;..a.-- ----J 

Eftac1Na In eliminating riak"' ~· 
lhrough aourca ralllCMII. 

·Eftec1Naln eliminating risk of~· 

assuming residual oi is properly disposed. 

•Qound_..,. 

Low Cost• 0.2.0- $1 .00/tOOOgallon 

Madara,. Cost • $1-$511000 gallon 

High Cost • $511000 gallon 

• Soil 

lmploomentability 

n-a ara no aec~• landfill a clooe by. 

011-sila dis~ may alao be Impractical because 

ol large volume ol soil to be ramovad in ordw 

to actwve tha RAO'a. 

lmploomanlabla, although tha -.a muot be 

•anaportad a canaidarable distanca. 

lmploomanlabla 

lmplemenlllbla 

Low cost= $2.0-$70/cubic y.d 

Mod••• Cost- $70-$120/cubk: ')IBid 

High Coat • > $120/cubic yard 
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" Coat 

High 

Modwata 

to High 

Low 

Low 
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FW&porwe Actions Remedial Technologiee Procea Optione 

Solldificalionl In-Situ 

StabBization StabUizalionl 

Solidification 

On-Silla 

Slllbillm1lonl 

Solidification 
------

I 0~ H e-..tion w::~1 

CJ Aelalned aa a repe-!Ne poe•• option 

c:::=:J Eliminodad tom lu1her conold•ation 

AGURE&-3(~ 

EVAWATION OF PROCESS OPTIONS 

Sandowll Zinc Site, Ullr>Ois 

E~ 

[ -- - --- --- - FARM POND SEDIMENTS I 

Ehc1Mo for king -wm Immobilization ollhe 

ailla In arganlc com111mlnanls. 

at.c:1iw for long-wm immoblllzation ollhe 

ailla In arganlc com111mlnanls. 

EflecM in eliminating risk ol ~· hough 

aDU'C.I....,..., · 

·~ound-w 

Low Coot - 0.20 - s 1.00/1000 gallon 

Moderate Coot- $1-$5,11000 gallon 

High Coot • $511000 gallon 

..... , _ 

• Soil 

lmplemenlllb~lty 

lmplemenlllble 

lmplemenlllble 

lmplemenlllble, although lhe- muat be 

tranapor11od a cono~eble d;.w-. 

Low coat • $20-$70/cubic y"'d 

Moderate Coot a $70-$120/cubic 'jlll'd 

High Coat = > $120/cubic yard 
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• Cost 

Low to 

Moderate 

Low to 

Mod•ate 

Mod•ate 

1o High 
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TABLE 6-1 
SANDOVAL ZINC GROUNDWATER OBJECTIVES 

PARAMETER OBJECTIVE BASIS AOL 
(mg/lcg) 

Arsenic 0.2 woc1 0.01 

Cactniun 0.05 WOC 0.002 

Chromiun 1.0 WOC 0.01 

Copper 1.3 WOC 0.025 

Lead 0.1 WOC 0.005 

Mereu~ 0.01 woe 0.0002 

Niclcel 2.0 woe 0.04 

Seleniun 0.02 WOC 0.005 

Zinc 10.0 WOC 0.02 

Manganese 10.0 WOC 0.015 

Bariun 2.0 IIQC 0.2 

Cobalt 1.0 IIQC 0.05 

Benzene 0.025 MCL2 & treatability 0.002 

Ethyl benzene 1.0 MCL & treatability 0.002 

Toluene 2.5 MCL & treatability 0.002 

Xylene 10.0 MCL 0.005 

Acetone 0.7 RfD3 0.01 

2-Butanone 0.35 RfD 0.1 

Naph tha·l ene 0.039 RfD & treatability 0.01 

Acenaphthalene 2.1 RfD & treatability 0.018 

Anthracene 10.5 RfD & treatability 0.0066 

Flouranthene 1.4 RfO & treatability 0.0021 

Fluorene 1.4 RfD & treatability 0.0021 

Pyrene 1.05 RfD & treatability 0.0027 

Total Carcinogenic PNAs 0.001 PMCL4 & 
-benzo (a) anthracene treatability 0.00013 
-benzo (a) pyrene 0.00023 
-benzo (b) fluoranthene 0.00018 
-benzo (lc) fluoranthene 0.00017 
-Chrysene 0.0015 
-dibenzo (a,h) anthracene 0.0003 
-indeno (1,2 3-c d) pyrene 0.00043 

Total Non-Carcinogenic PNAs 1.05 RfD for Pyrene 
-acenaphthylene 0.01 
-benzo (g,h,i) perylene 0.00076 
-phenanthrene 0.0064 

WQC is the water quality criteria, USEPA 1972. Insufficient data are currently available for antimony, 
berylliun, silver and dibenzofuran. If contamination is detected following cleanup, COT should be 
contacted. 
MCL is the maximum contaminant level, USEPA. 
RfD is a reference dose, calculated by ocs. 
PMCL is the proposed MCL 
(1) Soil objectives for all heavy metals shall be based on an analysis using TCLP with results in mg/1. 
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TABLE 6-2: ESTIMATED MINIMUM VOLUMES OF SOIL FOR REMEDIATION 

~---- ---- --------- ---- -- ---- - ------~ 

METALS ESTIMATED MINIMUM2 .VOLUME ESTIMATED SOIL1 IEPA BACKGROUND 1 

IN SOIL OF SOIL TO BE REMEDIATED . C~NCENTRATION CLEANUP SOIL 
CUBIC YARD AFTER OBJECTIVES CONCENTRATION 

REMEDIATION 
mgjkg 

Cadmium ">330, 555 <1 0.05 0.04-1.5 

copper > 94,444 <100 1.30 10-30 

Lead >141,667 <100 0.10 10-40 

zinc >425,000 <100 10.00 20-50 

source: J.P. Gibb and K. cartwright, 11Retention of Zinc, Cadmium, Copper and Lead by 
Geologic Materials11 , Cooperative Groundwater Report 9, Illinois state Water survey 
(ISWS) and Illinois state Geological survey (ISGS), 1982. 

Represents the minimum volume of soil requiring remediation to achieve the 
concentrations listed in column 3. 



Table 6-3 
Feasible General Response Actions 

And Associated Remedial Technologies 
Sandoval Zinc 

Sandoval, Illinois 

RESPONSE ACTION REMEDIAL TECHNOLOGIES 

No Action - None 

Institutional Controls - Groundwater Monitoring 
- Access Restrictions 

- Groundwater Containment 
Containment Vertical Barriers 

- Capping 

Pump & Treat - Physical Treatment 
- Chemical Treatment 

- Physical/Chemical Treatment 
Soil Treatment - Solidification/Stabilization 

- Metal Recovery 

Excavation & Removal - Soil Removal 

- Groundwater Discharge 
Disposal - Sludge Disposal 

- Excavation and Land Disposal 

- Extraction Wells 
Collection - Subsurface Drainage Systems 

- Diversion 

Waste Product/ Ash & - Off-Site Disposal 
Debris Disposal 

Above Ground Storage - Off-Site Disposal 
Tank Closure 



Table 6-4 
List Of Process Options Retained 

Sandoval Zinc 
Sandoval, Illinois 

REMEDIAL TECHNOWGY PROCESS OYfiON 

No Action None 

GROUNDWATER/ SURFACE WATER 

Institutional Controls - Monitoring 
- Deed Restrictions 

- Filtration 
Pump & Treat - Reverse Osmosis 

- Ion Exchange 
- Chemical Precipitation 

- Extraction Wells 
Collection - French Drain/Inteceptor 

- Grading for diversion of 
Surface Water 

Disposal - Discharge to Off-Site 
Drainage Ditch 

SOIL 

Institutional Controls - Groundwater Monitoring 
- Deed · Restrictions 

- Non-RCRA Cap 
Containment - RCRA Cap 

- Vegetation 

Treatment - Stabilization 

WASTE ASH/ PRODUCT & DEBRIS 

Disposal - Off-Site Disposal 

ABOVE GROUND STORAGE TANK 

Disposal - Off-Site Disposal 

FARM POND SEDIMENTS 

Institutional Controls - Groundwater Monitoring 
- Deed Restrictions 

Treatment - Stabilization 
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APPENDIX B 

MONITORING WELL BORING LOGS 
& 

WELL CONSTRUCfiON DIAGRAMS 



---·· ··---·· -·--- · ·-·-- s· ·a··-R--I·N·· G-··-·coG ···-·-·-... ---·'·-- ···-"!'-· . : . 
SHEET OF___,. __ 

PROJECT NAME Sn 'C.A oVa.\ Z·.,... c 

PROJECT NO. Sf.S L I I Ql 

- DATE l./r4 I <r.b J , 

RIG --------
WATER ENTERS ___ _ [ 1\11. v0 0 \ I PROJECT LOCATION Sa,c\n,.J ·, --r11 ;'<' a:.l . 

'----------' LOGGED BY !(. s..h'rbb DRILLED BY J"Efl 1\ 

·suRFACE ELEVATION 
506 .'8' ELEVATION DATUM _______ _ 

DEPTH SAMPLE DESCRIPTION 
u.s.c. 

-

-
-

• -

-

-

-
- : 

-

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

·ovPr 

·~-

. o pP '")\ 

-

-

-
-

-
-

-

-

-

-

-
-
-
-

- .. 
-· 



.;_ .. 

··- ..... -···- _ ..... ·- · 
- ·--: ---···· ______ .. _ BORfNG--COG 

SHEET ) OF__.L,/ __ 

PROJEcT NAME 5t:t.~as I 2. fn.c. PROJECT No. 8-Js-<., /d z. 

l 
. I - DATE ~/127' -ro 

Mu.J 0 L E::> PROJECT LOCATION --:...lt.L.:tU;:::;....-~0~~:::::-=6~---_..,..,.,.----- RIG --------
LOGGED BY fiJ)r.., !r.,-t f DRILLED BY J..Ef}.J: WATER ENTERS ___ _ 

SuRFACE ELEVATION "5DI'." 0 T ELEVATION DATUM -------- --------------

4 
OEPTH SAMPLE DESCRIPTION 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

01111~?' l (b(' 
- -

(""> 
~ 

- 0 1,-~ 

..+./ 

~ 

- ~ 

-
0 

F -
..... 

:: -
'$;' -

- J 
--£_ ,.._ 

' 

-
·- . 

-
-

Cll/4 -o -

- ~--·· 
i" 

-

-
- - -
- -

I! 
- -

- 1 
- -
- ~ 

--
-

-

-

-

f- 1\~ <=<r _~0~f )~fl. ~( · d(tr~.~ ")~;.! 
h:rl-to""" 0~ "tk Y-o\ c: ~ ..... :di 5 ov·~ab! 

- •·· · I i 

.. .., 

WloV(" _ 

-"~ 
''· 

-I' 



Illinois Environmental Protection Agency 

, ' , 
y_{;;. {/ .). 

I 

(1 .11.- // . ._; 

1/. ~ L.r. 8R., 'Fe ST'lfl.{ 
/tf.Ok'"P4 ~'- :z.oi\(;S 

C.Uc( I ~"-TY I Lr. ~,e -GRAy-~ aR. 
.:5L . $A,./ A 

:5tL Tf {L-/f{
1 
3-R. 

1 
.sArltJy, ~ ~0~ 

{_~(J, y(' 

:5tL I i(t=""t\-~ i3R.. 
I ~Ad I(} 1 &z,.; ;;:1:.i3aU:'~ 

~/W.4, ~-'l!i3L.C(, -Ptri~·Mc1:} ~,.( 

r!W- 8ft. ~ 6RA '( 
C'Wf.(, 6~(; Yf.N<lj 1 C IILC. 

t/~- ,1.'1 TILL, b-RA-( ~/2--BL~ .Stf-ni<J,i'..;:B8L£S 

UI<OI.EV£1. EI.EV -j-
/ 0 ""3. 7? 

PAG 

STAAT . 11N.$H AIOV£ PACKJNG -=>- --• ~ • . : 
..CC N I c...ry I JC' rc. u.t: ""JT'$ 

~7 . tv·-,,· : 

SAMPLES 

l· /(t!VIH ~"R-5 
0-Kl::i,t ~It 

11 ... i)AL£ ~[;)'b:J 
~ ~ 1----RE_M_A_R_KS---

.:f 
TEMPtJ~Y 

Be.tt.H 111/fJ:X. Ilk.-

C/l-&E TV ~..::~ 

_ ..... 



Illinois Environmental Protection Agency 

lu:. p' 
' 

~,.CKrHGSILilA .$1!A'4 o'-17· 

SAMPLES 

l· l(c:-vr~ ~-zs 
1-,.,..,_.,..,.,_......,.------..:m!""Tm~rr:orni'O'""""-------------; 1 ~ f ~ 0 • 1<01 ~S'c 
k..:..---.....-:~:Z..~..L:.:..!..::.t..!!!:.:.L.-_.:::~-P!.....::.v.:::<::......~· O:::,.:{;_.S:::..::I...J:.!I:.__ __ Tn:mw--1 ... t 1! ... t c§ 1 I z1j ~H-· CA:::::;,.:.;L£:;;:-;_:I/.~',4;.;;,.LR712..;.,;;;.;.;;;;;:() __ 

w:v. REMARKS 

rJ.. 7-r~.u 
tl;.u· f{,.;J... 

tb...J.-17 . .:> 

..:S.4n' A t z;;W c 
Tl L L I L"r 6M(- 'iSR. !ttal .:5;tri(J 

.fGw ?~L~ ~LC::. 

T7 L.L I "[),b&:.&I?A-(, ~ tl tf, "J:t!B8~ 
Y. <!..nn:- 1 c::A' c. 

.} l&rl'?;.IS-bij 
Pelot .t1~,.( /CXJ. o 

G4&.r7Y~~ 



Illinois Environmental Protection Agency 

P-.1 

. 7- ) . 7 B£:- &.R-Jfl.At.K, Lt;7lC-/tiJ
1 

91114J Y, ?c88U.3 
:f"ILTI( CLA f, ~F.;(.. L.aft.Jf zci'le-

Lt ~A:'( 5/Lrj aA( 

~-8.R. ~L.y CU'f wj L.,f/2c£ 

16111' ebl/'-t{. ? tfJ3i31.£3. 

:Sifr/(J/ 1/. f 6Rrft~ ~~ tJaL~T 
I . 

UA!t Fin!''· -:5'Zc ::YfJZI~iC?:J 
/ 

CUt I B/2. ~/ v.;;;vt;' 11/rfTe.t/ ,H:.i!:BU!'S 

+~~ 
Bote. if Jh{iL 

1610. ..., 
aB.i!Tll~ 



·/ ~ Illinois Environmental Protection Agency 
~~--------~~~------~~~~-~~------~--~----

/3. b -1£. "t 

;r:.1 - .to13 T?L l, BR.-&RAf sn-7, c.ALC.. 
~.t:J'I 

ABOVE rACJCW(; ~~ ':":>-. , _..._.. 
Bt:rc~t-"·/TZ rr:::.u.z.11~ 

/0.~.£"-!1. tBvcltEi 

rACOIG9Lft,f Sf,(~ f(~{"]• 

rfCl1r?~Y 
do:::?{Cl{ .J.#K.. 

C;ffSle' rvf'Cl./1£1{ 



I ?--17 
EUV. 

Illinois Environmental Protection Agency 

..Prh. 
. 

. o/ :St.-;;r 
DESCRIPTION 

;51ftr'4 , Lr~- BR>o.JI{, tJ. F.~~ 
:5' /IW/!A7Z1:] 

STMT 

f/~1 
TIME 

STMT 

/1.'30 
~ 

~ 

f I O~TH 

~ 
.. "' 

FlNSH A80Y'E ,AC~G '&:.J.IrC.VIni fJ~ 

1#7 j.:;)-/1" . . 

,Ao:.-.c; :J L/C.,tf Q,i((J j/-11 
fNSH 

6:.so 
~II 

, 
?~ SCl!tDI Ptl c. 5" .c:;,t::..wr 

SAMPLES 

- ! 
~ f ~ 

i f & .. r 
¥ f .:a .. .. c ... !!I 

.3-:t 
4 t 
>~ 
z!l 

r 

l· K t[1.f.....; ,.;, f?;::6e:J€S 
o. t:.t-..t ~ ~~ 
H-()4l.Eif4~ 

REMARKS 

If l/4 t:R f:l:_ul r{ 
-r0 jl)' c,.JIIil 

f?clt~ t-U~ 

~:4 

.1. .s?"or{ LEJ-(Q-r I 
..3. ~ 

. b /:Yr.i'n':!.r:>-1 . 



Illinois Environmental Protection Agency 

SAMPLES 

l· ;; cz.,r ICJ tJ. ~ 6c. ""1i?.S 
o. K~:.-,( .:Bos/e i A ... Dlru lf..f/-WRA 

REMARKS 

) .. .f 

.31 



MONITOR WELL CONSTRUCTION 

Top of Protective Cover---------­

Top of Casing ::...:_·~...:.---~.3.:..:.; · 

Ground Surface 

Surface cap 

-f tii111Pz:htR.Y W!tJ! »1-ttR.Ii ;oo. o 

Corvc.ecrr ?11c -fbe CA&£ rv -rot.Jtt< 
lo/Dent £1/~r Cl)fU/cR.. 

Bentonite seal ------

/f. 7 ------------------------

Screen 

Total length 4 . .S? 

Location: S1fiWI)-ttL Gv/</c_ 
7 

· Site No. : --.:...1""-J.;.:.;I /J..:.:,>.~..l..:::o::.::o::::::...::::o::::::o:...:.::·;;...::::.__ 

--- ( ) . Well No.: 4=/o I 
~ --~~~--------

-- ( /r) 3 · 7 J:) Prepared by: KEWt<l ·W. Ro.~;c~ 

Depth (Elevation) 

;J./ff:zf 

~--( (o0.43 r 
--)--

Packed with 

7-o &"-::: 
7r/P CF~L n:>.:2.tJ~.,iV...£ 
~-% 2o/Tt~V,J< isy. ti~L 

_lo~ ( fo. 4 5 )-¥- Packed with 

:Bev/p);TC m L ET[5 
<. s- 3vc.Kc:< 

Packed with 

----------Ca~~~th~~~~~~~~- ----{~~~~ 
Bottom of casing _Lb7Z..-{-~.:-.~.-=:;_ 

---- Bottom of boring-----------...._---l"--LZ~-{-s.::....::.::.:..:.--~....1-

Pipe: Type and quantity _.J..?...!r-=c=---=~:::.:· ~~~--Lr ...-:::::.......,~~:S_'-=~~. c.~R.s..se.o... .. ~c.:..1 -1-/ _:....!, 0::::...._ • ..:::~::=c~C.-::.~.V....::w::::.!:ld-,t..,c --=5"~'-=.5::.::e::....::-c:..!..:.:!:'.e;.~· "':.:._! ___ _ 



MONITOR WELL CONSTRUCTION 

Top of Pr9tective Cov~r ---------­

Top of Casing -----~!? __ 

.---------- Ground Surface 

Surface cap 

--'1-~~'I '&wuf ,uM.K. tlXJ. r) 

eM~ p,fl:l ~1?. Of8u:- Ttl ~ 
11/lJ"m ef$;-uh/~ 

Bentonite seal ------

____________________ Q.o_ 

Screen 

Total length 4-. M 

Location: :9tlfltlx!riL /z!rf/C.. 
l 

·site No.: Wor ooCO). 

---( ·L· Well No.: C.z/0;2.. 

--( !O(.S4 J Prepared by: KC~!!Jtl U. ~ 

Depth (Elevation} 

!/</far 

~-( ?&.~1- f 
--)--

Packed with 

CCJ'Ifeyr 612orJ ;­

S.S"8tfb5 
TOP Zf S::7?t... ·rz:> .:S~ 
~ ~ l3e--!Jt;;l ~ fS y' t)l)L · 

_0.§{. 88.11 )f Packed with 

.fictlr?p/!1e WcTT;:\ 

Packed with 

----------Ca~le~th~~~~~~~~ ----{~~~~ 
Bottom of casing _ll ~2-{__.;~~-

---- Bottom of boring--- ________ .._ __ ._ _f.Z..l-{-..:::~..:;...~o...--1 

.4 II , 

/£ 



MONITOR WELL CONSTRUCTION 

Top of Protective Cover---------­

Top of Casing -----3.!..<) _ 

.---------- Ground Surface --~~ 

Surface cap --------------------------

..f TrP!~IGf ~alt.lf ;W>A.,..L /ii'. v 
C;;N at-n: ?rtA fi:;1<. 01-B t.£ Ttl "{t}l.J;:~ 
t/~ at~· ce::RN~ 

Bentonite seal ------

___________________ _12::.? __ 

Screen 

Totallength 4-.?;;S 

Location: :Y!,t.L..u/1L /.;-;.~/--; 
Site No. : --'-/_.,2f~L:lS"==-..:::o:.::o:.::aa::=::.c:<e<~-

---( ) . Well No. : 6 tv:; 
-- ( /OO. D. r prepared by-:----:-&c..

4 

A'l....::.!t(.=::t.J~ . . B-.-6C-~-
Depth (Elevation) 
;!/~ 

Packed with 

J?/<n/7??;( I C" &.L..:?'N' 
I Cf(.)C~i!T 

Packed with 

Cap length ______ . ..}-§_ 

Bottom of casing ---l __ 10..~-{ f2o.53 

----Bottom of boring-----------,....__,___1_]~"-{ go.5"3 

Pipe: Type and quantity P t/c .:Self 4o/ .;' :$c f.€?:!2'( , .s-' 2Lc;rzu?{, to' ~C:Z&'?./ 

rlll?tl- Wl[ZL LJ??YGcl .:h.o 3 ,. ~Rc.nt/~ Cqr1/l{'/S 4- vI£' 



MONITOR lNG WELL INSTALLATION REPORT 

DEPTH 
BELOW 
GROUND 
SURFACE 

FT. 

FT. 

----r-----
GROUT MIX : 

BEN TON ITE SEAL: 

..... ::2' he ...... -1 o • • ·b: Sc,. \ 

C. , 7C,. FT. 

FT. 

$,]/,eFT. ~--------- . 
10,7(, FT.~-- _________ .... 1--P.t---

J B.() FT. ------- --'----.:..1 

INSTALLED: (, /,a, /a.o 
. - I 

WELL NO.: M~- Ol 
BORING NO.: _______ _ 

. PROJECT NO.: gc, ';)~. \ 0~ 
PREPARED BY : ~ • .........:Jc.bb 
CHECKED BY: ______ __ 

TOP OF GROUND SURFACE EL. ____ FT. 

RISER PIPE EL. FT. 

PROTECTIVE WELL COVER CASING 

RISER PIPE SCHEDULE---­

ASTM DESIGNATION------

1. o. 1. ca o.o. c::?. a 
COUPLINGS. _______ _ 

PIPE IN 10, 03 FT. LENGTHS 
"f.OO 

PIPE ( !O.o.J FT. 

PIPE/-'!.00 FT. 

SCREEN 5 FT. + • ~S ;,....:::lv~~""'\ ~o;""'~ a..d 
TOTAL 17, (., B FT. 

THICKNESS OF U~_PER SEAL ___ FT. 
I • • r. . ~.- .. ~_/::~ 

LENGT.tJ OF SCREEN---'.S;;:::.__FT. 

SLOT _ .... SIZE 0 I 0 I 0 IN. 

LENGTH OF FILTER PACK FT. 

TYPE OF FILTER PACK ______ _ 

BOTTOM OF BORING 

..... . . . 



DEPTH 
BELOW 
GROUND 
SURFACE 

............ 

MONITOR lNG WELL INSTALLATION REPORT 

FT. FT. 

INSTALLED:- (., /1';) /9,0 
l ' 

WELL NO.: M!. .. y <? 2 

BORING NO.'-~-----­
.PROJECT NO.: ~~~~,l02._ 

PREPARED BY: j(.~ebb 

CHECKED BY'--------

0 FT 
"f- TOP OF GROUND SURFACE EL. FT. 

RISER PIPE EL. FT. 
GROUT MIX: 

PROTECTIVE WELL COVER CASING 

RISER PIPE SCHEDULE----

ASTM DESIGNATION _____ _ 

I.D. O.D. ____ _ 

COU PLJNG S _______ _ 

B EN TON ITE SEAL: 

a ( fq., r ( r.e G-V" \;0 ,,~: \c 
p c \\eb-

PIPE IN FT. LENGTHS ----
PIPE. ____ FT. 

PIPE FT. 
.. SCREEN FT . 

C1JO FT. -
TOTAL . FT. 

11 1 ;fijFT. 
1--

THICKNESS OF UPPER SEAL FT. 

\3.35 FT. 
I--

LENGTH OF SCREEN FT. 

SLOT SIZE IN. 

LENGTH OF FILTER PACK ____ FT. 

1'1 .0 FT. 
f--

TYPE OF FILTER PACK ______ _ 

nl5 FT. 
.... . 

BOTTOM OF BORING 
--------~~ 

REMARKS:-------------------------------------------

\. '· 

I 
/Sf 7 

• C?JI. 5 ·0 
I ·'- S 
~] 

\f.lo 
s.~" 

I !:1 . 3.') 
1 o.o:J 

~ 



APPENDIX C 

ANALYfiCAL RESULTS OF 

SUPPLEMENTAL FIELD INVESTIGATION 



KEY TO TABLES 

CRDL = Contract Required Detection Limits 

B = Compound Detected in Laboratory Blank 

J = concentration is Estimated 

NA = Compound Was Not Analyzed 

u = Compound Was Not Detected 



TABLE C-1 
INORGANIC CONCENTRATIONS (MG/KG) IN TANK SAMPLES 

SAMPLING LOCATIONS 

ANALYTE CRDL TS01S TS01D 

-
ALUMINUM 200.0 39 u 38 u 
ANTIMONY 60 1.9 u 1.8 u 
ARSENIC 10 0.96 u 0.95 u 
BARIUM 200 9.9 u 9.0 u 
BERYLLIUM 5 0.97 u 0.95 u 
CADMIUM 5 0.97 u 0.95 u 
CALCIUM 5000 190 u 190 u 
CHROMIUM 10 1.9 u 1.9U 

COBALT 50 9.9 u 9.5 u 
COPPER 25 4.8 u 4.8 u 
IRON 100 41 34 

LEAD 5 28 28 

MAGNESIUM 5000 190 u 190 u 
MANGANESE 15 2.9 u 2.8 u 
MERCURY 0.2 0.063 u 0.059 u 
NICKEL 40 17 17 

POTASSIUM 5000 99U 91 u 
SELENIUM 5 0.96 u 0.95 u 
SILVER 10 1.9 u 1.9 u 
SOOIUH 5000 99U 91 u 
THALLIUM 10 1.9 u 1.8U 

VANADIUM 50 49 46 

ZINC 20 20 19 

CYANIDE 10 NA NA 

BTU 18,500 17,800 



TABLE C-2 
VOLATILE ORGANIC CONCENTRATIONS (UG/L) IN TANK SAMPLES 

SAMPLING LOCATIONS 

ANALYSIS CRDL TS01S TS01D 
--

BENZENE 5.0 5000. u 5000. u 
TOLUENE 1.0 4400. J 6700. 

ETHYLBENZENE 5.0 20,000. 23,000. 

XYLENES (TOTAL) 10.0 96,000. 92,000. 



TABLE C-3 
PCB CONCENTRATIONS (UG/KG) IN TANK SAMPLES 

SAMPLING LOCATION 

COMPOOND CRDL TS01S TS01D 
-

AROCLOR 1016 80.0 240,000 u 240,000 u 
AROCLOR 1221 80.0 240,000 u 240,000 u 
AROCLOR 1232 80.0 240,000 u 240,000 u 
AROCLOR 1242 80.0 240,000 u 240,000 u 
AROCLOR 1248 80.0 240,000 u 240,000 u 
AROCLOR 1254 160.0 480,000 u 480,000 u 
AROCLOR 1260 160.0 480,000 u 480,000 u 



TABLE C-4 
INORGANIC CONCENTRATIONS (MG/KG) IN SEDIMENT SAMPLES 

SAMPLING LOCATIONS 

ANALYTES CRDL SS01S SS01D SS02S SS03S SS04S SS04R 
--

ALUMINUM 200.0 16,000 12,000 9600 6560 13,600 200 u 
ANTIMONY 60 3.4 u 3.1 u 4.0 u 3.1 u 16 u 10 u 
ARSENIC 10 16 16 7.6 9.7· 20 5.0 u 
BARIUM 200 99 91 62 72 300 350 

BERYLLIUM 5 1.6 u 1.4 u 1.6 u 1.5 u 2.2 5.0 u 
CADMIUM 5 21 19 5.0 1.5 u 6.2 5.0 u 
CALCIUM 5000 2500 2200 1700 1730 2960 12,600 

CHROMIUM 10 16 3.6 22 3.1 u 13 10 u 
COBALT 50 16 u 17 16 u 15 u 13U 50 u 
COPPER 25 620 850 440 330. J 1010 J 67 

IRON 100 15,000 12,000 13,000 17,1,00J 66, 400 J 24,100 J 

LEAD 5 2200 2000 490 190 J 2200 J 120 

MAGNESIUM 5000 1700 1200 610 790 1720 1300 

MANGANESE 15 260 1300 290 270 2770 170 

MERCURY 0.2 0.17 0.14 . 0.099 u 0.095 u 0.63 0.20 u 
NICKEL 40 440 470 160 190 490 196 

POTASSIUM 5000 690 530 390 490 560 29,200 

SELENIUM 5 1.6 u 1.4 u 1.6 u 1.5 u 2.6 5.0 u 
SILVER 10 3.2 u 2.9 u 3.6 u 31 46 10 u 
SODIUM 5000 250 230 190 150 u 130 u 94,600 

THALLIUM 10 3.4 u 3.1 u 4.0 u 3.1 u 2.7 u 27 

VANADIUM 50 26 20 18 u 15 u 99 50 u 

ZINC 20 18,000 15,000 150,000 1410 J 1060 J 16,200 



TABLE C-5 
PCB CONCENTRATIONS (UG/KG) IN SEDIMENT SAMPLES 

SAMPLING LOCATIONS 

COMPOUND CRDL SS01S SS01D SS02S SS03S SS04S 
-

AROCLOR 1016 80.0 1400 u 1300 u 1700 u 1600 u 120 u 
AROCLOR 1221 80.0 1400 u 1300 u 1700 u 1600 u 120 u 
AROCLOR 1232 80.0 1400 u 1300 u 1700 u 1600 u 120 u 
AROCLOR 1242 80.0 1400 u 1300 u 1700 u 1600 u 120 u 
AROCLOR 1248 80.0 1400 u 1300 u 1700 u 1600 u 120 u 
AROCLOR 1254 160.0 2800 u 2500 u 3300 u 3200 u 230 u 
AROCLOR 1260 160.0 2800 u 2500 u 3300 u 3200 u 230 u 



ANALYTE 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROf11UH 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

CRDL = CONTRACT REQUIRED 

DETECTION LIMITS 

S = SAMPLE 

0 = OUPLI CA TE 

R :: RINSATE 

J = ESTIMATED VALUE 

CRDL 

200-0 

60 

10 

200 

5 

5 

5000 

10 

50 

25 

100 

5 

5000 

15 

0.2 

40 

5000 

5 

10 

5000 

10 

50 

20 

SS05S SS05D 

11,100 11,000 

2_8 u 2.2 u 
13 6.7 

200 130 

1.4 1.3 u 
1.4 u 1.3 u 
10,900 3,500 

2.8 u 5.1 

14 u 13U 

190 73 

36,300 19,700 

510 130 

3,310 1,290 

240 190 

0.47 0.10 u 
34 44 

1260 960 

1. 7 1.3 u 
81 47 

220 130 u 
2.8 u 2.7 u 
14 u 13U 

20,000 4200 

TABLE C-6 
INORGANIC CONCENTRATIONS (MG/KG) IN SURFACE SOIL SAMPLES 

SAMPLING LOCATIONS 

SS06S SS07S SS08S SS09S SS10S SS10D SS11S 
-

7,520 6,000 6770 8990 7160 7,400 11,500 

15 u 15 28 16 23 17 61 

7.9 21 57 55 12 21 38 

84 150 190 200 290 270 130 

1.2U 1.1 u 1.7 1.8 1.7 1.4 1.5 u 
1.2 u 1.1 u 3.7 21 67 35 1.5 u 
96,800 14,300 1,830 3430 4570 2,440 1,640 

2.4 u 24 9.5 16 98 18 60 

12 u 11 u 12 u 19 48 50 15 u 
100 350 4,290 4,250 5850 3,770 5,500 

14,900 18,500 75,200 69,700 70,300 58,900 26,900 

250 4,000 41,000 16,000 11,000 6,200 21,000 

5,460 ' 300 590 550 1,180 480 830 

260 220 94 170 380 350 180 

0.11 1.0 0.22 0.45 0.21 o. 19 2.1 

9.7 u 240 1 1 1. 710 2,010 2,710 6DO 

860 110 u 120 u 630 310 280 190 

1.2 1.1 2.8 2.8 1.6 1.7 3.6 

150 24 110 97 94 83 38 

31-0 110U 200 470 380 280 190 

2.4 u 25 2.4 u 1.8U 18 2.4 u 7.2 

12 u 11 u 43 110 97 77 15 u ' 
2100 26,000 73,000 55,000 120,000 88,000 270,000 



ANAL YTE CRDL 

ALUMINUM 200 .0 

ANTIMONY 60 

ARSENIC 10 

BARIUM 200 

BERYLLIUM 5 

CADMIUM 5 

CALCIUM 5000 

CHROMIUM 10 

COBALT 50 

COPPER 25 

IRON 100 

LEAD 5 

MAGNESIUM 5000 

MANGANESE 15 

MERCURY 0.2 

NICKEL 40 

POTASSIUM 5000 

SELENIUM 5 

SILVER 10 

SOOIUH 5000 

THALLIUM 10 

VANADIUM 50 

ZINC 20 

CRDL :: CONTRACT 
REQUIRED 

DETECTION 
LIMITS 

SS12S SS12R 

11,800 200 u 

19 60U 

28 5.0 u 

210 50 u 

1.3 u 5.0 u 

33 5 u 

1,800 1,000 UJ 

27 15 

13U 50 u 

1350 53 

35,300 66J 

13,000 52 

1,140 1,000 u 

550 15 u 

49 0.20 u 

750 40 u 

260 500 u 

43 5.0 u 

54 10 u 

140 500 u 

2.6 u 10 u 

13 u 50 u 

240,000 3,200 

TABLE C-6 (CONTINUED) 
INORGANIC CONCENTRATIONS (MG/KG) IN SURFACE SOIL SAMPLES 

SAHPL'ING LOCATIONS 

SS13S SS13D SS14S SS14R SS15S SS16S SS16R SS17S 
--

12,900 10,300 8,600 200 u 11,100 10,400 200 u 8,810 

13 u 2.4 u 2.6 u 60 u 2.2 u 150 60 u 25 

15 14 5.4 5.0 u 6.2 49 5.0 u 13 

270 280 130 50 u 300 420 50 u 14 u 
1.1 1.6 1.0U 5.0 u 1.2U 1.8 5.0 u 1.4 u 

1.1 u 1,2 u 1.0U 5 u 1.2U 1.0U 5 u 15 
2030 990 980 1,000 UJ 630 5,210 1,000 UJ 1580 
2.2 2.3 u 2.0 u 10 2.4 u 24 10 u 17 
11 u 12 u 10 u 50 u 12 u 10 u 50 u 14 u 
490 520 100 35 6.0 u 2,880 25 3,000 

36,500 42,100 15,900 50 UJ 22,300 57,600 64J 37,400 

2,200 2,200 330 5 u 71 14,000 37 7,500 

1,480 1,300 590 1000 u 800 490 1,000 u 75'o 

1,150 1,360 400 15 u 2,320 410 15 u 400 

0.37 1.1 0. 069 u 0.20 u 0.059 u 0.37 0.20 u 13 

120 110 23 40 u 9.5 u 250 40 u 740 

730 530 470 500 u 61.0 480 500 u 140 u 

2.0 2.0 1.0 u 5.0 u 1.2 u 2.0 5.0 u 4.9 

64 67 23 10 u 43 91 10 u 42 

730 61.0 100 u 500 u 200 550 500 u 140 u 

2.2 u 2.3 u 2.0 u 10 u 2.4 u 2.1 u 10 u 22 

26 27 10 u 50 u 24 76 50 u 14 u 

25,000 21,000 1,900 440 2200 24,000 100 210,000 



ANALYTE CRDL 

ALUMINUM 200.0 

ANTIMONY 60 

ARSENIC 10 

BARIUM 200 

BERYLLIUM 5 

CADMIUM 5 

CALCIUM 5000 

CHROMIUM 10 

COBALT 50 

COPPER 25 

IRON 100 

LEAD 5 

MAGNESIUM 5000 

MANGANESE 15 

MERCURY 0.2 

NICKEL 40 

POTASSIUM 5000 

SELENIUM 5 

SILVER 10 

SODIUM 5000 

THALLIUM 10 

VANADIUM so 
ZINC 20 

CRDL = CONTRACT 
REQUIRED 

DETECTION 
LIMITS 

SS18S SS19S 

6,130 6,530 

65 240 

1.1U 28 

11 u 160 

1.1 u 2.6 

48 27 

4,180 23,500 

13 73 

11 u 12 u 
1060 1,310 

5380 126,000 

3200 6,300 

2140 16,800 

340 3.5 u 
1.4 5.7 

490 450 

210 390 

1.1 u 9.6 

15 210 

160 180 

2.3 u 2.4 u 
11 u 100 

170,000 98,000 

TABLE C-6 (CONTINUED) 
INORGANIC CONCENTRATIONS (MG/KG) IN SURFACE SOIL SAMPLES 

SAMPLING LOCATIONS 

SS20S SS21S SS22S SS23S SS24S SS25S SS26S SS27S 
--

7,770 10,700 7,310 6,540 5,710 8,910 9,630 6750 

12 u 280 210 . 180 60 6.6 2.6 u 2.4 u 
12 31 18 23 35 9.5 8.7 5.3 

75 290 120 68 74 89 150 120 

1.4 1.4 1.3 1.0 1.3 u 1.4 u 1.4 u 1.0U 

1.0U 27 10 3.7 1.3 u 1.4 u 1.4 u 1.0 u 
1,670 29,200 2,090 4,500 750 960 480 1,270 

4.4 8.3 14 16 2.6 u 2.7 u 2.7 u 2.0 u 
. 10 u 11 u 34 47 13U 14 u 14 u 10 u 
1,490 2,140 4,270 4,450 1,830 460 67 150 

32,100 56,600 44,600 54,_100 43,200 16,300 21,000 18,400 

1,300 7,600 4,300 14,000 28,000 830 170 15,000 

300 7,360 920 410 410 800 920 480 

4.2 320 120 290 13 390 1,790 910 

0.45 0.66 0.53 0.46 7.7 0.11 0.098 u 0.081 u 
780 1,410 2,500 3,460 600 240 25 66 

490 270 300 740 130U 580 720 200 

1.4 1.5 1.3 2.5 5.5 1.4 u 1.4 u 1.0 u 
50 94 71 72 41 23 40 33 

260 130 200 620 130 u 140 u 140 u 100 u 
2.0 u 22 2.6 u 35 4.4 2.7 u 2.7 u 2.0 u 
10 u 78 66 95 13U 14 u 17 10 u 
40,000 74,000 48,000 150,000 190,000 9,600 1,900 360,000 



TABlE C-7 
PCB CONCENTRATIONS (UG/KG) IN SURFACE SOil SAMPlES 

SAMPliNG lOCATION 

PESTICIDES CRDl SS08S SS10S SS10D 
-

AROClOR 1016 80.0 1100 u 9600 u 9800 u 
AROClOR 1221 80.0 1100 u 9600 u 9800 u 
AROCLOR 1232 80.0 1100 u 9600 u 9800 u 
AROClOR 1242 80.0 1100 u 9600 u 9800 u 
AROClOR 1248 80.0 1100 u 9600 u 9800 u 
AROClOR 1254 160.0 2100 u 19,000 u 20,000 u 
AROClOR 1260 160.0 2100 u 19,000 u 20,000 u 



TABLE C-8 
INORGANIC CONCENTRATIONS (MG/L) IN SURFACE ~ATER SAMPLES 

SAMPLING LOCATIONS 

ANALYTE 
CRDL S~01S S~01D S~02S S~03S S~4S S~04R 

--
ALUMINUM 200.0 780 1000 5,200 5,600 660 200 u 
ANTIMONY 60 60 u 60 u 60 u 60 u 60 u 60 u 
ARSENIC 10 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
BARIUM 200 52 98 78 84 55 50 u 
BERYLLIUM 5 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
CADMIUM 5 360 370 5.0 u 5.0 u 5.0 u 5.0 u 
CALCIUM 5000 100,000 110,000 17,000 5,300 18,000 1,000 u 
CHROMIUM 10 10 u 10 u 10 u 10 u 10 u 10 u 
COBALT 50 50 u 50 u 50 u 50 u 50 u 50 u 
COPPER 25 90 80 ~5 90 79 zs u 
IRON 100 1,400 1,400 3,200 3,300 3,200 50 u 
LEAD 5 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
MAGNESIUM 5000 16,000 16,000 2,400 2,500 4,400 1,000 u 
MANGANESE 15 1,500 1,600 84 120 930 15 u 
MERCURY 0.2 0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 
NICKEL 40 100 100 40 u 40 u .40 u 40 u 
POTASSIUM 5000 7,000 7,500 5,100 5,000 4,700 500 u 
SELENIUM 5 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
SILVER 10 120 120 17 10 u l3 10 u 
SOOIUM 5000 27,000 33,000 6,200 5,700 14,000 500 u 
THALLIUM 10 53 47 10 u 10 u 10 u 10 u 
VANADIUM 50 50 u 50 u 50 u so u 50 u 50 u 
ZINC 20 4,200 J 4,100 J 500 J 1,000 J 1,000 J 110 J 



TABLE C-9 
VOLATILE ORGANIC CONCENTRATIONS (UG/L) IN 

SURFACE YATER SAMPLES 
SAMPLING LOCATIONS 

VOLATILES CRDL Sloi01S SY01D SY02S SY03S SII04S Sloi04R (2) 
---

BENZENE 5.0 5 u 5 u 5 u 5 u 5 u 5 u 
TOLUENE 1.0 5 u 5 u 5 u 25 B 5 B 27 B 

ETHYL BENZENE 5.0 5 u 5 u 5 u 5 u 5 u 5 u 
XYLENES (TOTAL) 10.0 10 u 10 u 10 u 10 u. 10 u 10 u 



TABLE C-10 
INORGANIC CONCENTRATIONS IN RESIDENTIAL YELL 

YATER SAMPLES 
SAMPLING LOCATIONS 

ANALYTES CRDL RYOlS RY01D 
--

ALUMINUM 200.0 200 u 200 u 
ANTIMONY 60 60 u 60 u 
ARSENIC 10 5.0 u 5.0 u 
BARIUM 200 50 u 50 u 
BERYLLIUM 5 5.0 u 5.0 u 
CADMIUM 5 5 u 5 u 
CALCIUM 5000 66,900 J 68,800 J 

CHRC»>IUH 10 10 u 10 u 
COBALT 50 50 u 50 u 
COPPER 25 35 25 u 
IRON 100 2,700 J 2,660 J 

LEAD 5 5 u 5 u 
MAGNESIUM 5000 8,370 8,400 
MANGANESE 15 160 160 
MERCURY 0.2 0.20 u 0.2 u 
NICKEL 40 40 u 40 u 
POTASSIUM 5000 1,240 1,230 
SELENIUM 5 5.0 u 5.0 u 
SILVER 10 66 61 
SODIUM 5000 12,300 12,400 
THALLIUM 10 10 u 110 
VANADIUM 50 50 u 50 u 
ZINC 20 88 96 

CYANIDE 10 NA NA 
BTU NA NA 



ANALYTES 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

lEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

CYANIDE 

BTU 

CRDL 

200.0 

60 

10 

200 

5 

5 

5000 

10 

50 

25 

100 

5 

5000 

15 

0.2 

40 

5000 

5 

10 

5000 

10 

50 

20 

10 

MIJ101S 

200 u 

60 u 
5.0 u 

50 u 

5.0 u 
5.0 u 

24,000 

10 u 
50 u 

25 u 

50 u 

5.0 u 

13,000 

15 u 
0.20 

40 u 

670 

5.0 u 
43 

240,000 

10 u 

50 u 

20 u 

NA 

NA 

TABLE C-11 
INORGANIC CONCENTRATIONS (UG/L) IN GROUNDIJATER SAMPLES 

MIJ101D 

200 u 

60 u 
5.0 u 

50 u 

5.0 u 

5.0 u 
24,000 

10 u 

50 u 

25 u 

50 u 

5.0 u 

13,000 

15 u 

0.33 

40 u 

670 

5.0 u 

40 

241,000 

10 u 

50 u 

20 u 

NA 

NA 

MIJ101R 

200 u 

60 u 

5.0 u 

50 u 
5.0 u 

5.0 u 

1,000 u 

10 u 

50 u 

25 u 

50 u 

5.0 u 

1,000 u 

15 u 

0.20 u 

40 u 
500 u 

5.0 u 
10 u 

500 u 

10 u 

50 u 

20 u 

NA 

NA 

SAMPLING LOCATIONS 

MIJ102S 

200 u 

60 u 

5.0 u 

50 u 

5.0 u 

5.0 u 

240,000 J 

10 u 
50 u 

25 u 
50 u 

5.0 u 

170,000 

15 u 
0.20 u 

40 u 

1,400 

5.0 u 

420 

280,000 

180 

50 u 

20 u 

NA 

NA 

MIJ103S 

200 u 

60 u 

5.0 u 

50 u 

5.0 u 

5.0 u 

290,000 J 

"10 u 

50 u 

25 u 
50 u 
5.0 u 

150,000 

380 

0.2 u 

40 u 

3,000 

5.0 u 

450 

95,000 

190 

50 u 
20 u 

NA 

NA 

MIJ01S MIJ01S MIJ02S 
TOTAL DISSOLVED TOTAL 

14,000 J 500 13,000 J 

7.0 u 7.0 u 7.0 u 
17 5.0U 16 

160 50 u 250 

5.0U 5.0U 5.0U 

45 32 6.0 

1,100,000 1,100,000 130,000 

150 75 69 

50 u 50 u 50 u 

64 38 47 

34,000 J 50 u 34,000 J 

29 2.0 u 34 

360,000 J 380,000 J 46,000 J 

1,500 J 710 1,400 J 

0.20 u 0.20 u 0.20 u 
41 40 u 40 u 

6,500 3,000 5,900 

5.0 u 5.0 u 5.0 u 

140 48 11 

420,000 430,000 230,000 

5.0U 5.0U 5.0U 

50 u 50 u 50 u 
280 110 200 

NA NA NA 

NA NA NA 

MIJ02S 
DISSOLVED 

200 u 
7.0 u 
5.0 u 

110 

5.0 u 

7.0 

110,000 

45 

50 u 

25 u 

80 

4.1 

38,000 J 

270 

0.20 u 
40 u 
2,200 

5.0 u 

10 u 
260,000 

5.0 u 

50 u 
34 

NA 

NA 



TABLE C-12 
VOLATILE ORGANIC CONCENTRATIONS (UG/L) IN 

GROUNDUATER SAMPLES 
SAMPLING LOCATIONS 

VOLATILES CRDL • HIJ01S MIJ01T HIJ02S HIJ101S MIJ101D HIJ101R 
--

BENZENE 5.0 5 u 5 u 5 u 5 u 5 u 5 u 
TOLUENE 1.0 4 J 5 u 5 u 5 u 5 u 5 u 
ETHYL BENZENE 5.0 5 u 5 u 5 u 5 u 5 u 5 u 
XYLENES (TOTAL) 10.0 10 u 10 u 10 u 10 u 10 u 10 u 



TABLE C-13 
PCB CONCENTRATIONS (UG/L) IN GROUNOUATER SAMPLES 

SAMPLE LOCATIONS 

PCBS CRDL MW01S MW02S M\1101S HU101D MU101R HU102S M\1103S 
-

AROCLOR 1016 80.0 0.50 u 0.50 u 1.0 u 0.50 u 0.50 u 1.0 u 0.50 u 
AROCLOR 1221 80.0 0.50 u 0.50 u l.OU 0.50 u 0.50 u 1.0U 0.50 u 
AROCLOR ·1232 80.0 0.50 u 0.50 u 1.0 u 0.50 u 0.50 u 1.0 u 0.50 u 

AROCLOR 1242 80.0 0.50 u 0.50 u 1.0 u 0.50 u 0.50 u 1.0 u 0.50 u 
AROCLOR 1248 80.0 0.50 u 0.50 u 1.0 u 0.50 u 0.50 u 1.0 u 0.50 u 

AROCLOR 1254 160.0 l.OU 1.0 u 2.0 u 1.0 u l.OU 2.0 u l.OU 

AROCLOR 1260 160.0 1.0 u 1.0 u 2.0 u 1.0 u l.OU 2.0 u 1.0 u 



TABLE C-14 
INORGANIC CONCENTRATIONS (MG/KG) IN UASTE PILE 

AND ASK SAMPLES 
SAMPLING LOCATIONS 

ANALYSIS CRDL UPA01S UPA01D UPA02S UPA03S \IPA04S \IPA05S UPA06S 
-

ALUMINUM 200.0 74,000 79,000 37,000 27,000 10,000 15,000 1800 

ANTIMONY 60 46 42 8.1 9.6 20 6.6 6.8 

ARSENIC 10 14 H 29 26 29 28 9.3 

BARIUM 200 9.5 u 10 u 200 94 170 100 14 

BERYLLIUM 5 3.1 3.2 1.4 1.1 u 1.5 2.1 0.96 u 

CADMIUM 5 16 10 32 51 30 53 50 

CALCIUM 5000 690 910 11,000 3200 2400 3000 44 

CKROHIUM 10 330 300 330 110 40 55 1.9 u 

COBALT 50 44 44 h2 12 13 11 9.6 u 

COPPER 25 210 160 71,000 1000 3800 590 210 

IRON 100 87,000 94,000 22,000 24,000 2300 62,000 3200 

LEAD 5 1100 iooo 63,000 3200 8300 43QO 10,000 

MAGNESIUM 5000 210 270 3000 2300 590 1500 120 

MANGANESE 15 56 58 1200 450 250 650 150 

MERCURY 0.2 0.065 u 0.059 u 0.25 0.70 0.063 u 0.30 0.059 u 

NICKEL 40 430 450 14,000 450 2000 430 49 

POTASSIUM 5000 780 830 140 2480 440 1360 170 

SELENIUM 5 0.97 u 1.0 u LOU 2.1 2.5 1.1 0.96 u 

SILVER 10 2.3 2.0 5.3 2.3 u 2.1 u 2.1 u 1.9 u 

SODIUM 5000 2610 2630 290 3530 570 1090 240 

TKALLIUM 10 1.8 u 1.~U 2.1 u 3.9 2.1 u 6.6 1.9 u 

VANADIUM 50 9.7 u 10 u 13 11 u 36 14 9.6 u 

ZINC 20 260,000 260,000 220,000 290,000 680,000 240,000 27,000 

CYANIDE 10 NA NA NA NA NA 4A NA 

BTU NA NA NA NA NA NA NA 



TABLE C- 15 
EP TOXICITY CONCENTRATIONS (MG/KG) IN 

~ASTE PILE AND ASH SAMPLES 
SAMPLING LOCATIONS 

\IPA01S ~PA01D \IPA02S ~A03S \IPA04S ~A05S ~A06S 
ANALYTE CRDL 

-
ARSENIC 10 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
BARIUM 200 260 290 4000 1000 160 760 1200 

CADMIUM 5 250 270 200 880 340 1500 210 

CHROMIUM 10 10 8:6 8.7 6.9 12 7.2 6.2 

LEAO 5 12 43 4000 8400 22,000 46,000 7100 

MERCURY 0.2 0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 
SELENIUM 5 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
SILVER 10 10 u 10 u 10 u 10 u 10 u 10 u 10 u 



TABLE C-16 
VOLATILE ORGANIC CONCENTRATIONS (UG/L) IN GROUNO~ATER SAMPLE 

SAMPLING LOCATIONS 

VOLATILES CROL MIJ01T MIJ102S MIJ103S 

CHLOROMETHANE 10.0 10. u 10. u 10. u 

8ROMOMETHANE 10.0 10. u 10. u 10. u 

VINYL CHLORIDE 10.0 10. u 10. u 10. u 

CHLOROETHANE 10.0 10. u 10. u 10. u 

METHYLENE CHLORIDE 10.0 9. 8 21. B 12. 8 

ACETONE 10.0 10. u 10. u 10. u 

CARBON DISULFIDE 5.0 5. u 5. u 5. u 

1,1-DICHLOROETHENE 5.0 5. u 5. u 5. u 

1,1-DICHLOROETHANE 5.0 5. u 5. u 5. u 

1,2-DICHLOROETHENE 5.0 5.U 5. u 5. u 

CHLOROFORM 5.0 5. u 14. B 6. 8 

1,2-DICHLOROETHANE 5.0 5. u 5. u 5. u 

2-BUTANONE 10.0 10. ·u 10. u 10. u 

1,1,1-TRICHLOROETHANE 5.0 5. u 5. u 5. u 

CARBON TETRACHLORIDE 5.0 5. u 5. u 5. u 

VINYL ACETATE 10.0 10, u 10. u 10. u 

BROMOOICHLOROMETHANE 5.0 5. u 5. u 5. u 

1,2-DICHLOROPROPANE 5.0 5. u 5. u 5. u 

CIS·1,3·DICHLOROPROPENE 5.0 5. u 5. u 5. u 

TRICHLOROETHENE 5.0 5. u 5. u 5. u 

OIBROMOCHLOROMETHANE 5.0 5. u 5. u 5. u 

1,1,2-TRICHLOROETHANE 5.0 5. u 5. u 5. u 

BENZENE 5.0 5. u 5. u 5. u 

TRANS-1,3-0ICHLOROPROPENE 5.0 5. u 5. u 5. u 

BROMOFORM 5.0 5. u 5. u 5. u 

4-METHYL-2-PENTANONE 5.0 10. u 10. u 10. u 

2-HEXANONE 10.0 10. u 10. u 10. u 

TETRACHLOROETHENE 5.0 5. u 5. u 5. u 

1,1,2,2-TETRACHLOROETHANE 5.0 5. u 5. u 5. u 

TOLUENE 1.0 5. u 5. u 2. J 

CHLOROBENZENE 5.0 5. u 5. u 5. u 

ETHYLBENZENE 5.0 5. u 5. u 5. u 

STYRENE 5.0 5. u 5. u 5. u 

TOTAL XYLENES 5.0 5. u 5. u 5. u 

TENTATIVELY IDENTIFIED 

UNKNO'WN 5. 



APPENDIX D 

ESTIMATION OF VOLUME OF SOIL 

AND GROUNDWATER FOR REMEDIATION 



A. Estimation of Volume of Soil to be Remediated 

Sandoval Zinc 
FS Report 
Draft 
March 25, 1990 

The subsurface dimensions for the calculation were determined from the attached 
contour maps reproduced from the ISWS/ISGS report (Ref. 1). The surface 
dimensions were taken from the surveyed map presented in Appendix A, and also 
from the contour maps and average values used for calculations. 

For the surveyed map, length = 9.1 inches 
From the scale of the map,% inch = 100ft. 

Length = _1 X 100 X 9.1 = 1,213 ft. 
3 

From contour map, length = 3 inches 
Scale, % inch = 300ft. 

Length = _1 X 300 X 3 = 1,200 ft. 
3 

Assume Average Length = 1,200 ft. (leaving allowance for some distance at the two 
ends). · 

From surveyed map, width = 2.62 x ~ = 350 ft. 
3 

From contour map, width = 1.25 x 400 = 500 ft. 
Aver~ge width = (350 + 500)/2 = 425 ft. 

From Figure 14, lowest zinc concentration = 100 mg/kg 
Average depth = (23 + 23 + 22 + 23 + 22 + 22 + 21 + 29 + 18)/9 = 22.5 ft. 
Volume to be remediated = (1,200)(425)(22.5)(1/27) = 425,000 yd.3 

From Figure 16, lowest cadmium concentration = 1 mg/kg 
Average depth = (17 + 18)/2 = (17.5) 
Volume to be remediated = (1,200)(425)(17.5)(1/27) = 330~555 yd.3 
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From Figure 17, lowest copper concentration = 100 mgjkg 
Average depth = (7 + 3)/2 = 5 ft. 
Volume to be remediated = (1,200)(425)(5)(1/27) = 94,444 yd.3 

From Figure 18, lowest lead concentration = 100 mg/kg 
Average depth = (8 + 7)/2 = 7.5 ft. 
Volume to be remediated = (1,200)(425)(7.5)(1/27) = 141,667 yd? 

B. Estimation of Volume of Groundwater to be Remediated 

Assume average depth = 30 ft. 
Depth to water table = 5 ft. 
Net depth = (30-5) = 25 ft. 
Width = 425 ft., Length = 1,200 ft. 
Assume porosity = 15% 

Sandoval Zinc 
FS Report 
Draft 
March 25, 1990 

Volume of groundwater below water table = (1,200)(425)(25)(0.15) ft. 3 (7.48 gal/~) 
= 14.3 x 106 gallons · 

Add 10% to account for volume of water above water table. 
Total volume to be remediated = 
(1.1)(14.3 x 106

) = 15.7 x 106 gallon 
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